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Il Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti (DIITET) del CNR coinvolge circa 1.700 unità di
personale, su tutto il territorio nazionale, impegnate in attività di Ricerca su diversi settori, dall’ingegneria civile e
industriale, dei sistemi e delle comunicazioni, all’informatica e alla computer science, alla matematica applicata.
Il Dipartimento si propone di mettere a sistema le conoscenze e le capacità dei propri ricercatori e di porsi come promotore
e mediatore nei rapporti con il mondo delle Imprese, allo scopo di favorire le ricadute sociali ed economiche dei Risultati
delle attività, e sostenendone di fatto un valore che va oltre quello scientiﬁco e che può impattare sul progresso e
l’innovazione. Anche per questo, il DIITET è sempre più impegnato nel sensibilizzare il proprio personale all’importanza
di saper strutturare percorsi di trasferimento tecnologico, anche ponendo attenzione alla tutela dei risultati ottenuti.
Per sostenere il proprio ruolo di collettore della domanda industriale di tecnologia e di promotore dell’oﬀerta di
competenza dei propri Istituti, il DIITET ha lavorato alla deﬁnizione di una matrice – presentata nel seguito – che connette
ventuno Aree Progettuali, sintetizzate in ulteriori quattro grandi Aree Strategiche, ciascuna delle quali, coordinata da
ricercatori, diventa il nodo di una rete virtuale che consente la corretta comprensione della ricchezza di conoscenze e
facilita l’accesso da parte del sistema industriale. 
Nella stessa forma, questa pubblicazione raccoglie il portafoglio brevettuale 2018 aﬀerente al Dipartimento, associando
ogni brevetto all’Area Progettuale “prevalente”, ma riconoscendo come, di fatto, questi debbano essere considerati frutto
di un lavoro interdisciplinare su diverse Aree, soprattutto in relazione alle possibili applicazioni. 
Con questa pubblicazione, il DIITET conferma l’impegno nella promozione delle tecnologie tutelate, proponendosi di
continuare a lavorare alla deﬁnizione di strumenti e strategie per la valorizzazione dei risultati della Ricerca dei propri
Istituti.
The Department of Engineering, ICT and Technologies for Energy and Transport (DIITET) of the CNR has about 1,500 staﬀ,
throughout Italy, engaged in research activities in various ﬁelds: civil and industrial, system and communication
engineering, computer science, applied mathematics.
The Department intends to systemize the knowledge and skills of its researchers and to act as promoter and mediator in
dealings with the business world, in order to promote the social and economic impact of the Results of its activities, with
the aim of promoting a value that go beyond the scientiﬁc one and that impact on progress and innovation. Also for this
reason, DIITET is increasingly committed to making its staﬀ aware of the importance of knowing how to structure
technological transfer routes, also paying attention to the necessity of protecting the results obtained.
In order to support its role as a point of reference for the industrial demand for technology and as promoter of the
competences of its Institutes, DIITET has worked on the deﬁnition of a matrix - presented below - which connects 21
Project Areas, summarized in 4 large Strategic Areas, each of which, coordinated by researchers, becomes the node of a
virtual network that allows the correct understanding of the wealth of knowledge and at the same time facilitates access
to this knowledge from the industrial system.
This publication collects the patent portfolio for 2018 belonging to the Department, associating each patent to the
"prevailing" Project Area, whilst at the same time recognizing how, in fact, these should be considered as the result of an
interdisciplinary work in diﬀerent Areas, especially in relation to possible applications.
With this publication, DIITET conﬁrms its commitment to promoting patented technologies, proposing to continue
working to the deﬁnition of instruments and strategies for the exploitation of the Research Results.
Emilio Fortunato Campana
Director of CNR-DIITET
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Generare innovazione a partire dai Risultati della Ricerca e proporre soluzioni eﬃcaci ai problemi sociali, tecnologici e
industriali, sono tra gli obiettivi strategici che il CNR, il maggiore Ente pubblico di Ricerca del Paese, ha deciso di confermare
e condividere con la propria Rete Scientiﬁca, raﬀorzandone il peso nel proprio Piano Triennale delle Attività.
Con questi obiettivi, il CNR supporta il Trasferimento Tecnologico e rinnova modelli e strumenti che possano favorire
l’interazione costante con il territorio, la generazione di valore per il Paese, lo sviluppo e l’applicazione delle conoscenze
anche a livello internazionale. 
In questo quadro, codiﬁcare e proteggere i Risultati della Ricerca permette all’Ente di disporre di uno strumento eﬃcace
non solo per garantirsi la paternità dei trovati, ma soprattutto per trasferire innovazione alle imprese, sostenendone la
competitività. 
Il portafoglio brevettuale dell’Ente, gestito dalla Struttura Valorizzazione della Ricerca della Direzione Generale (SPR-VR),
costituisce dunque un patrimonio dal valore strategico, un’opportunità per attivare collaborazioni in ambito R&S e per
favorire il progresso in settori applicativi di interesse sociale e tecnologico. 
La promozione dei brevetti CNR, anche in collaborazione con i Dipartimenti, rappresenta quindi un’attività da curare con
costanza e strutturare in forme diverse, adatte a raggiungere la pluralità di interlocutori possibili. Questa pubblicazione,
giunta ormai alla quinta edizione, raccoglie i brevetti nati dalla Ricerca del Dipartimento Ingegneria, ICT e Tecnologie per
l’Energia e i Trasporti (DIITET) e si propone come strumento di facile consultazione per stimolare l’interesse industriale
all’acquisizione delle tecnologie tutelate, oltre che per promuovere l’ampia disponibilità di competenze presso gli Istituti
aﬀerenti al Dipartimento.
Generating innovation, starting from the Research Results, and proposing eﬀective solutions to social, technological and
industrial problems are among the strategic objectives that the CNR, the largest public research institution in Italy, has
conﬁrmed and shared with its own Scientiﬁc Network, reinforcing its weight within the framework of its Triennial Activity
Plan.
With these objectives, the CNR supports Technology Transfer and overhauls models and instruments that can foster a
constant interaction within the national entities, the generation of value for the Country, and the development and
application of knowledge, also at international level.
In this framework, codifying and protecting the Research Results allows the CNR to have an eﬀective instrument not only
to guarantee the ownership of Results, but above all to transfer innovation to businesses, and at the same time supporting
their competitiveness.
The patent portfolio of the CNR, managed by the Technology Transfer Oﬃce, part of the Directorate-General, is therefore
a strategic asset, an opportunity to activate collaborations in the R&D ﬁeld and to promote the application of Research
Results in sectors of social and technological interest. 
The promotion of CNR patents, also in collaboration with the Departments, is therefore an activity to be pursued on a
consistent basis and structured in diﬀerent forms, suitable for reaching as many interlocutors as possible. This publication,
now in its ﬁfth edition, collects the patents produced by DIITET and is proposed as a tool for easy consultation with the
aim of stimulating industrial interest in the acquisition of patented technologies, and at the same time promoting the
wide availability of skills at the Institutes belonging to the Department.
Cristina Battaglia
Head of CNR-TTO
 DIITET 
The Department, divided into 19 research institutes located throughout Italy, has carried out a careful 
analysis of the research activities carried out by its Institutes over the last year and the synthesis of this study, 
thanks to the precious collaboration of our researchers, has produced the following classification of 21 
Project Areas distributed over 4 Strategic Areas (IT, applied mathematics, systems engineering and 
communications, industrial and civil engineering). 
 
Strategic areas Project areas  
9 – Informatics  
AP 2 - Internet of the future  
AP 3 - Data, contents and media 
AP 7 - Factory of the future 
AP 4 - e-infrastructure  
AP 5 - Cybersecurity  
AP 8 - Healthcare and well-being   
AP 16 - Smart City  
AP 6 - Robotics and automation 
AP 9 - Biotechnologies 
AP 11 - Technologies for the use and protection of cultural heritage 
10 - Systems engineering and 
telecommunications 
AP 1 -  ICT devices and systems 
AP 2 - Internet of the future 
AP 4 - e-infrastructure  
AP 7 - Factory of the future 
AP 3 - Data, contents and media 
AP 16 - Smart City  
AP 6 - Robotics and automation 
AP 8 - Healthcare and well-being   
AP 9 - Biotechnologies  
AP 11 - Technologies for the use and protection of cultural heritage 
AP 12 - Aerospace and Earth observation technologies 
AP 13 - Security of society 
AP 14 - Technologies for sustainable agriculture and food safety 
AP 19 - Marine technologies 
 AP 3 - Data, contents and media 
 AP 6 - Robotics and automation  
 AP 7 - Factory of the future 
 AP 8 - Healthcare and well-being   
11 - Industrial and civil  AP 9 - Biotecgnologies  
engineering AP 10 - Nanotechnologies and advanced materials 
 AP 11 - Technologies for the use and protection of cultural heritage 
 AP 12 - Aerospace and Earth observation technologies 
 AP 13 - Security of society 
 AP 14 - Technologies for sustainable agriculture and food safety 
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 AP 15 - Sustainable buildings 
 AP 16 - Smart City  
11 - Industrial and civil  AP 17 - Low emission energy technologies 
engineering AP 18 - Vehicles with low environmental impact 
 AP 19 - Marine technologies 
 AP 20 - Thermonuclear fusion 
15 - Applied mathematics 
AP 3 - Data, contents and media 
AP 5 - Cybersecurity  
AP 6 - Robotics and automation  
AP 7 - Factory of the future 
AP 8 - Healthcare and well-being   
AP 11 - Technologies for the use and protection of cultural heritage 
AP 13 - Security of society 
AP 16 - Smart City  
AP 21 - Applied  mathematics 
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Strategic area Project area Ref. CNR Institute
Data, contents and media 10202 Icar
e-infrastructure 10336 Imati (Issia)
Cybersecurity 10485 Ieiit
Healthcare and well-being 10446 Icar
10276 Stiima (Itia)
 ICT devices and systems 10288 Ieiit
10363 Iit
10527 Inm (Idasc)
Healthcare and well-being 1697 Ifac
Security of society 10419 Imem
Technologies for sustainable agriculture and food safety 10319 Icar
10252 Stiima (Itia)
Robotics and automation 10553 Imamoter
10602 Stiima (Itia)
Factory of the future 10139 Ifac
Healthcare and well-being 10205 Ifac
Biotechnologies 10387 Ieiit
10177 Imem
10275 Ifac
10277 Ifac
10328 Imem
Nanotechnologies and advanced materials 10335 Imem
10401 Irc
10425 Imem
10455 Itae
10456 Itae
10490 Imem
10510 Imem
10519 Imem
Technologies for the use and protection of cultural heritage 10361 Irea/Ibam
Technologies for sustainable agriculture and food safety 10318 Imamoter
Smart City 10537 Icar
Low emission energy technologies 10253 Icar (Issia)
10416 Irc
Vehicles with low environmental impact 10515 Im
Marine technologies 10305 Inm (Insean)
1629 Ifp
Thermonuclear fusion 1657 Ifp
10301 Iac
Applied  mathematics 10400 Iac
    
Applied  mathematics
Informatics
Systems engineering 
and 
telecommunications
Industrial and civil 
engineering
DIITET - List of Contributions
Item page
System for energy saving in company data centers. 1
Method for the real-time control of working frequencies of large-scale infrastructures with heterogeneous hardware requirements. 3
Method for the fusion of spatio-temporal trajectories. 5
Method for correcting and/or reducing visual defects due to a degenerative disease of the retina and related system. 7
Improvements in the optical interconnection system between signal switching circuit boards. 9
Limitation of bit-stuffing in a communication frame of an electronic signal. 11
System and methodology for making phone calls and sending text messages. 13
Electric field measurement device. 15
Optical fiber laser device for ocular suturing. 17
A system and related method for the detection of polluting substances by means of a vehicle driven remotely by a control haptic 
device.
19
A collaborative anti-counterfeiting procedure. 21
Device and method for the manipulation of components based on vacuum principle. 23
Equipment for lifting vehicles, in particular agricultural tractors. 25
Variable-stiffness rotational joint. 27
Method for detecting defects in the continuous laser welding process of metal parts. 29
Matrix and device and use thereof for optically-controlled release of chemicals. 31
Bioreactor for engineering articular tissues. 33
Procedure and system for the three-dimensional reconstruction of formations dispersed in a matrix material, in particular 
inclusions in crystalline matrices.
35
Assembly comprising an absorber of near infrared (NIR) light covalently linked to an inhibitor of Carbonic Anhydrase. 37
Method of fabricating structures, starting from material rods. 39
Piezoelectric device based on ZnO. 41
Method for fabricating thin-film solar cells. 43
Method and apparatus for mixing of fine and ultrafine powders. 45
Conductive polymer sponge for integrated sensors. 47
Technique for the production of a composite adsorbent coating with water as solvent, and related applications. 49
Method for the production of zeolite-based adsorbent foams and related applications. 51
Sensory system based on metal oxides for the qualitative and quantitative detection of substances, in particular gaseous 
substances in an environment.
53
Three-dimensional organic electrochemical transistor (OECT) and its manufacturing method. 55
Sensor, system and method to measure biochemical parameters in the plant lymph. 57
GPR System. 59
Hemp defibering machine for industrial use. 61
System and procedure for controlling the mobiliy of vehicles or pedestrians. 63
Method and related system for the conversion of mechanical energy, coming from a turbine generator set, to electrical energy. 65
Plant equipped with biofilm reactors for butanol production. 67
System for vehicle propulsion. 69
Radial force transducer, in particular for rotating shaft's. 71
Device for the reduction of back scattered rays from a load subjected to micrwave radiation by a source (pre-load). 73
Bolometric device with receiving cavity for high power microwave beam measurements at high frequency and procedure to coat 
the inner surface of the load.
75
Procedure for the assessment of the cleaning state of a conditioning/heating system of a building. 77
Procedure for image acquisition and processing in a confocal microscopy. 79
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Area strategica Area progettuale Rif. CNR Istituto
Dati, contenuti e media 10202 Icar
e-infrastructure 10336 Imati (Issia)
Cybersecurity 10485 Ieiit
Healthcare and well-being 10446 Icar
10276 Stiima (Itia)
Dispositivi e sistemi ICT 10288 Ieiit
10363 Iit
10527 Inm (Idasc)
Healthcare and well-being 1697 Ifac
Sicurezza della società 10419 Imem
Tecnologie per l’agricolt. sostenibile e sicurezza del cibo 10319 Icar
10252 Stiima (Itia)
Robotica e automatica 10553 Imamoter
10602 Stiima (Itia)
Fabbrica del futuro 10139 Ifac
Healthcare and well-being 10205 Ifac
Biotecnologie 10387 Ieiit
10177 Imem
10275 Ifac
10277 Ifac
10328 Imem
Nanotecnologie e materiali avanzati 10335 Imem
10401 Irc
10425 Imem
10455 Itae
10456 Itae
10490 Imem
10510 Imem
10519 Imem
Tecnologie per la fruizione e salvaguardia dei beni cult. 10361 Irea/Ibam
Tecnologie per l’agricoltura sostenibile e sicurezza del cibo 10318 Imamoter
Smart City 10537 Icar
Tecnologie energetiche a basse emissioni 10253 Icar (Issia)
10416 Irc
Veicoli a basso impatto ambientale 10515 Im
Tecnologie del mare 10305 Inm (Insean)
1629 Ifp
Fusione termonucleare 1657 Ifp
Matematica Applicata 10301 Iac
10400 Iac
    
Informatica
Matematica 
Applicata
Ingegneria dei 
sistemi e delle 
telecomunicaz.
Ingegneria industriale 
e civile
DIITET - Lista dei Contributi
Titolo pag.
Sistema per il risparmio di energia nei data center aziendali 2
Metodo per il controllo in tempo reale delle frequenze operative di infrastrutture HW con elevato numero di macchine e con 
funzionalità eterogenee/aggregabili
4
Metodo per la fusione di traiettorie spazio temporali 6
Metodo per correggere e/o attenuare difetti visivi dovuti ad una patologia degenerativa della retina e relativo sistema 8
Perfezionamenti nei sistemi di interconnessione ottica tra schede circuitali di commutazione di segnale 10
Limitazione del bit stuffing in una trama di comunicazione di un segnale elettronico 12
Sistema e metodo per le telefonate e l’invio di messaggi 14
Misuratore di campo elettrico costante 16
Metodo per la sutura, riparazione e sigillatura di strutture oculari mediante saldatura laser e dispositivo di irraggiamento laser a 
fibra ottica utilizzabile in tale metodo
18
Sistema e relativo metodo per la rilevazione di sostanze inquinanti mediante un veicolo pilotato da remoto da un dispositivo 
aptico di comando
20
Procedimento anti contraffazione su base collaborativa 22
Dispositivo di manipolazione e metodo per manipolare a vuoto un componente 24
Apparecchiatura per il sollevamento di veicoli in particolare di trattrici agricole 26
Giunto rotativo a rigidezza regolabile 28
Metodo per l’individuazione di difettosità nel processo di saldatura laser continua di parti metalliche 30
Dispositivo di rilascio di specie chimiche a controllo ottico 32
Bioreattore per l’ingegnerizzazione dei tessuti articolari 34
Procedimento e sistema per la ricostruzione tridimensionale di formazioni disperse in una matrice di materiale, in particolare 
inclusioni in matrici cristalline
36
Assemblato comprendente un assorbitore della luce nel vicino infrarosso legato covalentemente ad un inibitore dell’anidrasi 
carbonica
38
Metodo di fabbricazione di strutture a partire da bacchette di materiale 40
Dispositivo piezoelettrico a base di zinco ossido 42
Metodo di fabbricazione di celle solari a film sottile 44
Metodo ed apparato per la miscelazione di polveri costituita da particelle fini ed ultrafini 46
Spugna polimerica conduttiva per sensori integrati 48
Metodo per produrre un rivestimento composito adsorbente a base di acqua, rivestimento così ottenuto e sue applicazioni 50
Metodo per produrre una schiuma zeolitica adsorbente, schiuma così ottenuta e sue applicazioni 52
Sistema sensoriale a base di ossidi metallici per la rilevazione qualitativa e quantitativa di sostanze, in particolare sostanze 
aeriformi in un ambiente.
54
Transistor tridimensionale del tipo Organic Electro Chemical Transistor (OECT) e relativo metodo di fabbricazione 56
Sensore, sistema e metodo di misurazione di parametri biochimici nella linfa di una pianta 58
Apparato Georadar 60
Macchina sfibratrice per canapa ad uso industriale 62
Sistema e procedimento per il controllo della mobilità di veicoli o pedoni. 64
Metodo e relativo sistema per la conversione di energia meccanica, proveniente da un generatore comandato da una turbina, in 
energia elettrica
66
Impianto con reattori a biofilm per la produzione di butanolo 68
Sistema di propulsione per veicolo 70
Trasduttore di forze radiali in particolare per alberi rotanti 72
Dispositivo di riduzione dei raggi di ritorno da un carico soggetto a radiazione a microonde da parte di una sorgente (pre-carico) 74
Dispositivo bolometrico a cavità ricevente per la misura della potenza di un fascio di microonde ad alta frequenza e 
procedimento per il rivestimento della superficie interna di detta cavità
76
Procedimento per la valutazione dello stato di pulizia di un impianto di aereazione e/o condizionamento di un locale 78
Microscopio confocale e relativo procedimento di acquisizione ed elaborazione di immagini 80
    DIITET - Lista dei Contributi
Brevetto
!"#$%&'&()
!"# $%&#%'$(% $) *+)#, (% +% $%%(&+'$&# *$(-$%).$/#, ./(*+*$0$)'$1 +02(/$'"3 4"$1" 1(%)(0$,+'#) '"#
3+5$363 %63*#/ (7 &$/'6+0 3+1"$%#) (% '"# 3$%$363 %63*#/ (7 ."8)$1+0 )#/&#/) $% + ,+'+ 1#%'#/9
#%+*0$%2 '"# )4$'1" (77:"$*#/%+'$(% (7 '"()# 7/##,-6.9 3+;$%2 '"#3 ,8%+3$1+008 +&+$0+*0# +) +,,$'$(%+0
1+.+1$'8 7(/ $%1/#3#%'+0 4(/;0(+,)<
*+#,(-&.%/
!"# $%&#%'$(% +,,/#))#) '"# ./(*0#3 (7 '"# "62# #%#/28 1(%)63.'$(% $% '"# ,+'+ 1#%'#/)9 7(/ 7##,$%2 *('"
)#/&#/) '"#3)#0&#) +%, 1((0$%2 )8)'#3)< =' "+) *##% #)'$3+'#, '"+' '"# #%#/28 1(%)63#, *8 '"# =!
$%7/+)'/61'6/#) $) +*(6' '"# >? (7 '"# #0#1'/$1 #%#/28 '('+008 ./(,61#,< !"# #%#/28 1(%)63.'$(% $3.+1')
*('" (% '"# 1(3.+%8@) 1()') (4%$%2 '"# ,+'+ 1#%'#/) +%, (% '"#$/ 10$#%')9 +%, "+) +0)( + 2/#+'
#%&$/(%3#%'+0 #77#1' ,6# '( '"# ABC #3$))$(%)<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# $%&#%'$(% (77#/) + )$3.0# )(06'$(% '( + ./(*0#3 '"+' $) ,$77$160' '( )(0&# 4$'" 10+))$1+0 1#%'/+0$D#, +%,
,#'#/3$%$)'$1 +02(/$'"3)< E,&+%'+2#) +/# 1/61$+008 /#0#&+%' 7(/ *('" *6)$%#)) +) 4#00 +) '#1"%$1+0 +6,$#%1#)9
+%, 2( 7+/ *#8(%, '"# #%#/28 )+&$%2F 3(%$'(/$%29 1+.+1$'8 .0+%%$%29 (/1"#)'/+'$(% (.'$3$D+'$(%9 /$);
3(%$'(/$%2:3$'$2+'$(%< !"# $%&(0&#, 3+/;#' $) "62# +%, 2/(4$%2<
6"1"'&47"%2 32+("
!"# $%&#%'$(% $) '"# !"#$ (7 + )(7'4+/# ./(,61' $3.0#3#%'#, +%, 1(33#/1$+0$D#, *8 G1(HA0(6,9 + AIJ
).$%-(77 1(3.+%8 *+)#, $% J#%,# KALM< L+$, )(7'4+/# "+) *##% 0$1#%)#, '( !#0#1(3 ='+0$+9 )'+/'$%2 7/(3
N+%6+/8 COPH<
0335(%""839:;<=>?;@%51"-352) &A;<+'+B-5+
<=>;C%3252.2":;C<0>
D+5% C%1"%2&-:;<+-'&;D+32-&5+%%5
<&.%2-5"3:;C!?;@E?;<0?;@F?;6G
H-5&-52) /+2":;IJKJLKMJII
!52'"
L8)'#3 7(/ #%#/28 )+&$%2 $% 1(3.+%8 ,+'+ 1#%'#/)<
J#7<QAIJQIJMJM
0B32-+#2
!"# $%&#%'$(% /#7#/) '( + 3#'"(, 7(/ +))$2%$%2 '"# 1(3.6'+'$(%+0 0(+, '( '"# ,$77#/#%' )#/&#/) (7 + ,+'+
1#%'#/ *8 3#+%) (7 +../(./$+'# +))$2%3#%' (7 R$/'6+0 S+1"$%#) '( ."8)$1+0 )#/&#/)< !"# $%&#%'$(%
1(%)(0$,+'#) '"# 4(/;0(+, (% '"# 3$%$363 %63*#/ (7 )#/&#/)9 ,8%+3$1+008 3$2/+'$%2 '"# R$/'6+0
S+1"$%#) 4"#% %##,#,9 +%, .6') '"# 6%0(+,#, )#/&#/) $% + 0(4 .(4#/ )'+'#9 '"6) /#,61$%2 #%#/28
1(%)63.'$(% +%, 1+/*(% #3$))$(%)9 3+$%'+$%$%2 +' '"# )+3# '$3# +% +../(./$+'# )#/&$1# 0#&#0 7(/ '"#
10$#%') (7 '"# ,+'+ 1#%'#/<
H
; ; ; ; ; ;
!"#$"%&'()&"#*"+*,&-).(%*/(01&#2$*&#*3()(*
!2#)2-$4*5-"02'.-2$*+"-*($$&6#72#)*(#'*
7&6-()&"#*"+*,/$
1
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 */#&#''( )$ *+)+ )6 6% +02(/$'3( *$(-$).$/+'( # ./(*+*$0$)'$1( 1"# 1(%)(0$,+ $0 3+))$3( %63#/( ,$
3+11"$%# &$/'6+0$ )60 3$%$3( %63#/( ,$ )#/&#/ 7$)$1$9 .(%# $ )#/&#/ )1+/$1"$ $% 6%( )'+'( ,$ $*#/%+D$(%# ( ,$
*+))( 1(%)63( #9 (&# %#1#))+/$(9 0$ /#%,# ,$%+3$1+3#%'# ,$).(%$*$0$ + )6..(/'+/# #, #)#26$/# 1+/$1"$
1(3.6'+D$(%+0$ +,,$D$(%+0$<
*+#,(-&.%/
=0 */#&#''( +77/(%'+ $0 ./(*0#3+ ,#00@#%(/3# 1(%)63( ,$ #%#/2$+ %#$ ,+'+ 1#%'#/9 ,(&6'( +00+ %#1#))$'T ,$
+0$3#%'+/# )$+ $ )#/&#/ 1"# $ )$)'#3$ ,$ /+77/#,,+3#%'(< L$ U )'$3+'( 1"# $0 1(%)63( ,$ #%#/2$+ .#/ 0#
$%7/+)'/6''6/# =! #V6$&+0# + 1$/1+ $0 >? ,#0 '('+0# ,$ #%#/2$+ #0#''/$1+ ./(,(''+< =0 1(%)63( ,$ #%#/2$+ $3.+''+
)$+ )6$ 1()'$ ,#00+ )(1$#'T 1"# 2#)'$)1# $0 ,+'+ 1#%'#/ )$+ )6 V6#00$ ,#$ 10$#%'$9 #, "+ +%1"# 6% $3.+''(
+3*$#%'+0# /$0#&+%'# .#/ &$+ ,#00# #3$))$(%$ ,$ ABC<
N+%2+((5 " 044'5#+O5&%5
=0 */#&#''( (77/# 6%+ )(06D$(%# ./+'$1+ +, 6% ./(*0#3+ 1(3.0$1+'( ,+ /$)(0&#/# 1(% $ '/+,$D$(%+0$ +02(/$'3$
1#%'/+0$DD+'$< = *#%#7$1$ 1"# %# ,#/$&+%( )(%( 1/61$+0$9 )$+ .#/ $ /#.+/'$ *6)$%#)) 1"# .#/ V6#00$ '#1%$1$9 # &+%%(
3(0'( +0 ,$ 0T ,#0 )(0( /$).+/3$( #%#/2#'$1(W #))$ /$26+/,+%( $%7+''$ $0 3(%$'(/+22$(9 $0 1+.+1$'8 .0+%%$%29
0@(''$3$DD+D$(%# ,#00@$%7/+)'/6''6/+9 0+ 2#)'$(%# # 0# /$,6D$(%# ,#$ /$)1"$< =0 3#/1+'( ,$ /$7#/$3#%'( U 2$T
#%(/3#9 #, U +%1(/+ $% 1/#)1$'+<
E2+/5& /5 315'.44&
=0 */#&#''( U $0 !"#$ ,$ 6% ./(,(''( )(7'4+/# $3.0#3#%'+'( # 1(33#/1$+0$DD+'( ,+ G1(HA0(6,9 6%( ).$%-(77
,#0 AIJ 1(% )#,# + J#%,# KALM9 + 16$ U )'+'( 1(%1#))( $% 0$1#%D+ #)106)$&+< =0 )(7'4+/# ,$ G1(HA0(6, U )'+'(
7(/%$'( + !#0#1(3 ='+0$+9 + .+/'$/# ,+0 2#%%+$( COPH<
!52&'+-"859:;;<=>?;@%51"-352P;/"''+;<+'+B-5+
C3252.2&:;C<0>
C%1"%2&-";/5;-5A"-57"%2&:;<+-'&;D+32-&5+%%5
!"--52&-5;/5;15("%O+:;C!?;@E?;<0?;@F?;6G
6+2+;/5;4-5&-52P:;IJKJLKMJII
!52&'&
L$)'#3+ .#/ $0 /$).+/3$( ,$ #%#/2$+ %#$ ,+'+ 1#%'#/
+D$#%,+0$<
J$7<QAIJQIJMJM
0B32-+#2
=0 */#&#''( /$26+/,+ 6% 3#'(,( .#/ +))#2%+/# $0 1+/$1( 1(3.6'+D$(%+0# +$ )#/&#/ ,$ 6% ,+'+ 1#%'#/9
3#,$+%'# 6%@+00(1+D$(%# (..(/'6%+ ,#00# S+11"$%# R$/'6+0$ +$ )#/&#/ 7$)$1$<
=0 3#'(,( 1(%)(0$,+ $0 1+/$1( )60 %63#/( 3$%$3( ,$ )#/&#/9 +00@(11(//#%D+ 3$2/+%,( ,$%+3$1+3#%'# 0#
S+11"$%# R$/'6+0$9 # .(%# $ )#/&#/ )1+/$1"$ $% 6%( )'+'( + *+))( 1(%)63(9 /$,61#%,( 1()X $0 1(%)63( ,$
#%#/2$+ # 0# #3$))$(%$ ,$ ABC9 3+ +00( )'#))( '#3.( 3+%'#%#%,( 6% +,#26+'( 0$&#00( ,$ )#/&$D$( .#/ $
10$#%'$ ,#0 ,+'+ 1#%'#/<
*
; ; ; ; ; ; ; ; ; ;
!"#$"%&'(72#)"*'2%*0(-&0"*#2&*'()(*02#)2-4*
5-"02'.-2*52-*%8($$26#(72#)"*2*%(*7&6-(9&"#2*
'2%%2*/(001&#2*,&-).(%&:
2
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# .+'#%'#, )8)'#3 1(%)$)') (7F $M + %(%-0$%#+/ 1(%'/(00#/ $% 1"+/2# (7 #77$1$#%'08 1(3.6'$%2 "$2"-0#&#0
7/#V6#%1$#) 7(/ "(3(2#%#(6) +22/#2+'#) (7 3+1"$%#/$#)9 '+;$%2 $%'( +11(6%' + .#/7(/3+%1# .+/+3#'#/W
$$M + )#' (7 0(1+0 3+..#/) K(%# .#/ 4(/;#/M '( 1(3.6'# .#/-"()' 7/#V6#%18 +))$2%3#%') $% /#+0-'$3# +%, $%
+ 7+)' +%, 1(3.6'+'$(%+008 7#+)$*0# 4+8 K$<#<9 &$+ /+%,(3 (.'$3$D+'$(% 3#'"(,)M<
*+#,(-&.%/
!( (.'$3$D# '"# 1(%)63.'$(%) (7 +22/#2+'#) (7 3+1"$%#) K#<2<9 + 2/(6. (7 ,#&$1#) (/ %#'4(/; +..0$+%1#)M9
4# '+;# +0)( +,&+%'+2# *8 '#1"%(0(2$#) ,#+0$%2 4$'" Y8%+3$1 R(0'+2#-Z/#V6#%18 L1+0$%2 KYRZLM< [(4#&#/9
YRZL ,(#) %(' 1(%)$,#/ 20(*+0 .#/7(/3+%1# $%,#5#) +%, $' 1(60, 0+1; (7 )1+0+*$0$'8<
0/1+%2+("3 +%/ 044'5#+25&%3
!"+%;) '( + C-0#&#0 +/1"$'#1'6/# K1(%'/(00#/ +%, 3+..#/)M9 '"# )8)'#3 $) \'#1"%(0(28-$%,#.#%,#%']< !"#
7/+3#4(/; $) '"#% 6)#, '( +,^6)' '"# 7/#V6#%1$#) (7 #&#/8 ,#&$1#):3+1"$%#/8 $% (/,#/ '( %(' 1(%)63#
6%%##,#, .(4#/< E '8.$1+0 +..0$1+'$(% )1#%+/$( $) '"# 1(%'/(0 (7 ."8)$1+0 3+1"$%#) (7 + 10(6, $%7/+)'/61'6/#
(/ %(,#) (7 =%'#/%#'-)1+0# )8)'#3)<
6"1"'&47"%2 32+("
!"# 3#'"(, "+) *##% $3.0#3#%'#, &$+ '((0) 7(/ /+.$, )(7'4+/# ./('('8.$%2 +%, $' $) ./(&#, '( #77#1'$&#08
4(/; $% 3+%8 )$360+'#, #%&$/(%3#%')<
0335(%""839:;<=>?;@%51"-352) &A;<+('5+-5
<=>;C%3252.2":;CD0!C;8CEEC09
D+5% C%1"%2&-:;R.#+;<+15('5&%"
<&.%2-5"3:;GH
H-5&-52) /+2":;MSKJSKMJIT
!52'"
S#'"(, 7(/ '"# /#+0-'$3# 1(%'/(0 (7 4(/;$%2 7/#V6#%1$#) (7 0+/2#-)1+0# $%7/+)'/61'6/#) 4$'" "#'#/(2#%#(6)
"+/,4+/# /#V6$/#3#%')<
J#7<QAIJQIJUUS
0B32-+#2
I(4+,+8)9 B%0$%# L(1$+0 I#'4(/;) +/# 3(/# +%, 3(/# 1(3.0#5 +%, )#/&# 3$00$(% (7 6)#/ )$360'+%#(6)08W
7(/ '"$) /#+)(%9 '"#8 /#V6$/# =%'#/%#'-)1+0# $%7/+)'/61'6/#)9 1"+/+1'#/$D#, $% + "(3(2#%#(6) +22/#2+'#)
(7 3+1"$%#/$#)< L(9 '"# #%#/2#'$1 /#V6$/#3#%' 7(/ '"#)# )8)'#3) $) (7'#% + 1"+00#%2#9 *('" $% '#/3) (7
.(4#/ #77$1$#%18 +%, $% '#/3) (7 ,$77#/#%' '8.#) (7 1(%)63.'$(% K#<2< ,$))$.+'$(% (7 ./(,61#, "#+'M< !"#
(*^#1' (7 '"# ./#)#%' $%&#%'$(% .#/3$') '(F $M ,#7$%# + .#/7(/3+%1# $%,#5 7(/ '"# )#/&$1# ./(&$,#,W $$M
1(3.6'# \&$/'6+0] %#'4(/;$%2 7/#V6#%1$#) K'"+' $) \'#1"%(0(28 $%,#.#%,#%']M +' "$2" 0#&#0 W $$$M +00(4 '"#
/#+0-'$3# ,8%+3$1 &+/$+'$(% (7 4(/;$%2 7/#V6#%1$#) $% (/,#/ '( /#,61# #%#/28 1(%)63.'$(%<
H
; ; ; ; ; ;
3
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 )$)'#3+ (22#''( ,#0 */#&#''( 6'$0$DD+ 6% 1(%'/(00(/# %(% 0$%#+/# .#/ +))#2%+/# 0# 7/#V6#%D# ,$
76%D$(%+3#%'( (''$3# +, +22/#2+'$ ,$ 3+11"$%# # +..+/+'$ (3(2#%#$ '#%#%,( 1(%'( ,$ 6% .+/+3#'/( ,$
./#)'+D$(%#< E0 7$%# ,$ 2+/+%'$/# 0+ )1+0+*$0$'T9 (2%6%( ,$ V6#)'$ U 1(%'/(00+'( ,+ 6% S+..#/ 0(1+0# 1"#
6'$0$DD+ ,#00# '#1%$1"# ,$ (''$3$DD+D$(%# /+%,(3:./#-1+01(0+'#9 .#/ +))#2%+/# + 1$+)16% %(,( 0+ 7/#V6#%D+
,$ 0+&(/( K2/+%60+/$'T .#/ "()'M<
*+#,(-&.%/
= 3#11+%$)3$ '$.$1$ ,$ 1(%'/(00( ,$ *+))( 0$&#00( .#/ $0 /$).+/3$( #%#/2#'$1( +2$)1(%( )600+ 7/#V6#%D+ ,$
76%D$(%+3#%'(:'#%)$(%# ,$ +0$3#%'+D$(%# K'#1%$1+ ,#0 Y8%+3$1 R(0'+2#-Z/#V6#%18 L1+0$%2 _ YRZLM )#%D+
.#/` 1(%)$,#/+/# #).0$1$'+3#%'# ,#20$ $%,$1$ ,$ ./#)'+D$(%# 20(*+0$< =%(0'/#9 0+ 2#)'$(%# ,$ 6% $3.$+%'(
1(3.0#))( + 0$&#00( ,$ )$%2(0+ 3+11"$%+ %(% U )1+0+*$0# # /#%,# $0 ./(*0#3+ ,$ 1(%'/(00( ,$77$1$03#%'#
/$)(0&$*$0# $% '#3.(-/#+0#<
N+%2+((5 " 044'5#+O5&%5
a@+/1"$'#''6/+ + ,6# 0$&#00$ K1(%'/(00(/# # 3+..#/ 0(1+0$M .#/3#''# ,$ +)'/+//# $0 )$)'#3+ (22#''( ,#0 1(%'/(00(9
/#%,#%,( 1()X $0 3#'(,( $%,$.#%,#%'# ,+00+ '#1%(0(2$+ )(''()'+%'#< =0 1(%'/(00(/# ,$ +0'( 0$&#00( .6` 6'$0$DD+/#
+%1"# 6% )#' ,$ 7/#V6#%D# ,$&#/)( ( ,$ \1+.+1$'T &$/'6+0$] .#/ 2#)'$/# +%1"# 0# (.#/+D$(%$ ,$
).#2%$3#%'(:+11#%)$(%# ,#00# 3+11"$%# $% 3+%$#/+ '/+).+/#%'#< =0 )$)'#3+ .6` #))#/# +..0$1+'( $% )1#%+/$
10(6, ( )$)'#3$ + 0+/2+ )1+0+ '$.( #/(2+'(/$ ,$ )#/&$D$ \)(1$+0]<
E2+/5& /5 315'.44&
a@$%&#%D$(%# U $3.0#3#%'+'+ $% 6% ./('('$.( )(7'4+/# #, U )'+'+ '#)'+'+ 1(% )611#))( $% ,$&#/)$ 1(%'#)'$
)$360+'$<
!52&'+-"859:;;<=>;V @%51"-352P;/"('5;E2./5;/5;<+('5+-5
C3252.2&:;CD0!C;8CEEC09
C%1"%2&-";/5;-5A"-57"%2&:;R.#+;<+15('5&%"
!"--52&-5;/5;15("%O+:;GH
6+2+;/5;4-5&-52P:;MSKJSKMJIT
!52&'&
S#'(,( .#/ $0 1(%'/(00( $% '#3.( /#+0# ,#00# 7/#V6#%D# (.#/+'$&# ,$ $%7/+)'/6''6/# "+/,4+/# 1(% #0#&+'(
%63#/( ,$ 3+11"$%# # 1(% 76%D$(%+0$'T #'#/(2#%##:+22/#2+*$0$<
J$7<QAIJQIJUUS
0B32-+#2
= )#/&$D$ +11#))$*$0$ 3#,$+%'# J#'# )(%( )#3./# .$b 1(3.0#))$ # 6'$0$DD+'$ 1(%'#3.(/+%#+3#%'# ,+ 3$0$(%$
,$ 6'#%'$9 /#%,#%,( %#1#))+/$( 0@6'$0$DD( ,$ $%7/+)'/6''6/# ,$ '$.( =%'#/%#'-)1+0#< c6#)'# 60'$3# )(%(
1+/+''#/$DD+'# ,+ 6% %63#/( #0#&+'( ,$ 3+11"$%#9 ).#))( 1(% 76%D$(%+0$'T #'#/(2#%##< Y$ 1(%)#26#%D+9 0+
/$1"$#)'+ #%#/2#'$1+ ,$ V6#)'# $%)'+00+D$(%$ U 1/$'$1+9 1(3.(/'+%,( #0#&+'# ).#)# )$+ ,@#)#/1$D$( 1"# ,$ '$.(
+11#))(/$( K+, #)#3.$(9 .#/ 0+ ,$))$.+D$(%# ,#0 1+0(/# 2#%#/+'(M< a@$%&#%D$(%# ./(.()'+ .#/3#''# ,$F $M
,#7$%$/# ,#20$ $%,$1$ ,$ ./#)'+D$(%# ./(./$ ,#0 )#/&$D$( #/(2+'(W $$M 6'$0$DD+/# 6%( )1"#3+ ,$ 1(%'/(00( +, +0'(
0$&#00( .#/ ,#7$%$/# ,#00# 7/#V6#%D# ,$ 0+&(/( \&$/'6+0$] K1$(U9 ,$)+11(..$+'# ,+00+ '#1%(0(2$+ )(''()'+%'#MW $$$M
/#%,#/# .())$*$0# 0+ &+/$+D$(%# ,$%+3$1+ $% '#3.( /#+0# ,#00# 7/#V6#%D# ,$ 76%D$(%+3#%'( ,$ 1$+)16%+
#%'$'T 7$)$1+ 6'$0$DD+'+ +0 7$%# ,$ /$,6//# $ 1(%)63$ #%#/2#'$1$<
*
; ; ; ; ; ; ; ; ; ;
4
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
d$&#% + %63*#/ % (7 ).+'$(-'#3.(/+0 '/+^#1'(/$#)9 \;-3#/2#] 3#/2#) '"#39 $<#<9 $' /#'6/%) ^6)' (%# ).+'$(-
'#3.(/+0 '/+^#1'(/8 '"+' $) &+0$, 7(/ +00 (7 '"# $%.6' '/+^#1'(/$#)< Z(/ '"$) /#+)(%9 \;-3#/2#] 0#&#/+2#) +
%(&#0 +../(+1" '( ).+'$(-'#3.(/+0 2#%#/+0$D+'$(%9 /#,61$%2 '"# ./#1$)$(% (7 '"# $%.6' '/+^#1'(/$#)9 3+;$%2
+%8 $%.6' '/+^#1'(/8 $%,$)'$%26$)"+*0# 7/(3 '"# ('"#/ %&' '/+^#1'(/$#)< !"# +02(/$'"3 26+/+%'##) '"+' '"#
1()' (7 '"# (.#/+'$(% K$<#<9 '"# 0()) (7 +116/+18M $) 3$%$3$D#,<
*+#,(-&.%/;
!"# 1(33(% ./+1'$1# 7(/ ./$&+18 ./#)#/&+'$(% 1(%)$)') $% /#.0+1$%2 .#/)(%+0 $,#%'$7$#/) 4$'" \.)#6,(] (%#)
K$<#<9 /+%,(3 (/ %(%-/#&#/)$*0# "+)" &+06#)M< e"#'"#/ '"$) $) + )677$1$#%' 3#+)6/# $) 1+00#, $%'( V6#)'$(%9
#).#1$+008 $% /#0+'$(% '( '"# .())$*$0$'8 (7 '/+1;$%2 6)#/ 3(&#3#%')< =' "+) *##% ./(&#% '"+' .)#6,(-
$,#%'$7$#/) ,( %(' ./#&#%' 6)#/@) '/+^#1'(/8 6%$V6#%#))< E0'"(62" '"$) $) %(' + ./$&+18 '"/#+' .#/-)#9 $' $)
1#/'+$%08 + &60%#/+*$0$'89 '"+' 1+% 0#+, '( /#-$,#%'$7$1+'$(%<
0/1+%2+("3 +%/;044'5#+25&%3
f%0$;# ('"#/ +../(+1"#) $% '"# 0$'#/+'6/#9 \;-3#/2#] 2#%#/+0$D#) )'/#4% ).+'$(-'#3.(/+0 '/+^#1'(/$#)9
1(3.08$%2 g/$&+18-g/#)#/&$%2 Y+'+ g6*0$)"$%2 ./$%1$.0#) +%, 3$%$3$D$%2 +116/+18 0())< =' 26+/+%'##) '"+' +%8
2/(6. (7 '/+^#1'(/$#) $) 3#/2#,9 4"$0# /#'+$%$%2 + 2((, 0#&#0 (7 +116/+18 $% '"# ,+'+< =' ,(#) %(' ,#0#'# (/
1/#+'# )+3.0#) $% '"# '/+^#1'(/$#)< !"# +02(/$'"3 $) '"# 7(6%,+'$(%+0 *0(1; 7(/ '"# ,#&#0(.3#%' (7
+%(%83$)+'$(% )(06'$(%)9 +%,9 +) )61"9 "+) +..0$1+'$(%) $% '/+^#1'(/8 ,+'+ +%+08'$1)<
6"1"'&47"%2 32+("
!"# \;-3#/2#] +02(/$'"3 "+) *##% $3.0#3#%'#, +%, '#)'#, (% 0+/2#-)1+0# /#+0-,+'+)#') ./(&$,#, *8
3(*$0# %#'4(/; (.#/+'(/)< !Ja h<
!52&'&
S#'"(,Q7(/Q'"#Q76)$(%Q(7Q).+'$(-'#3.(/+0
'/+^#1'(/$#)<
J#7<QAIJQIJTLW
0B32-+#2
Y$2$'+0 '/+%)+1'$(% ,+'+ +/# 0(2) (7 '$3#)'+3.#,9 2#(/#7#/#%1#, #&#%') +))(1$+'#, '( '"# ,$2$'+0 +1'$&$'$#)
(7 $%,$&$,6+0)< !8.$1+0 #5+3.0#) +/# 3(*$0# '/+77$1 ,+'+)#') 1(00#1'#, *8 3(*$0# %#'4(/; (.#/+'(/)< !"#)#
,+'+ 8$#0, + 4#+0'" (7 $%7(/3+'$(% +*(6' '"# 3(&#3#%') +%, 6%,#/'+;$%2) (7 0+/2# 3(*$0# 6)#/
.(.60+'$(%)9 +%, "+&# /+.$,08 #)'+*0$)"#, +) + .+/+3(6%' )(6/1# (7 ;%(40#,2# 7(/ ,$77#/#%' +..0$1+'$(%)<
[(4#&#/9 ,$)10()6/# (7 3(*$0# '/+77$1 ,+'+)#') $) )'$00 0+/2#08 4$'""(0, *8 ./$&+18 1(%1#/%)9 ,6# '( '"#
6%$V6#%#)) (7 6)#/ '/+^#1'(/$#) '"+' 3+;#) $%,$&$,6+0) 6%$&(1+008 /#1(2%$D+*0# #&#% $% &#/8 0+/2#
.(.60+'$(%)< !"# (*^#1' (7 '"$) $%&#%'$(% $) +% +02(/$'"3 K\;-3#/2#]M '"+' 3+;#) +%8 %63*#/ (7 ).+/)#
).+'$(-'#3.(/+0 '/+^#1'(/$#) $,#%'$1+0 '( #+1" ('"#/9 '"/(62" 2#%#/+0$D+'$(%< \;-3#/2#] $) + 76%,+3#%'+0
*6$0,$%2 *0(1; 7(/ '"# $3.0#3#%'+'$(% (7 + &+)' %63*#/ (7 +%(%83$'8 1/$'#/$+ '"+' ./#)#/&# 3(*$0# '/+77$1
,+'+)#') 7/(3 '/+^#1'(/8 6%$V6#%#))<
0335(%"" 839:;<=>
<=>;C%3252.2":;CGCC!
D+5% C%1"%2&-:;D+-#&;X5&-"
<&.%2-5"3:;;C!
H-5&-52) /+2":;IIKJYKMJIS
6 ; ; ; ; ; ;
5
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
Y+'( 6% %63#/( % ,$ '/+$#''(/$# ).+D$(-'#3.(/+0$9 ;-3#/2# 0# 7(%,#9 (&&#/( /#)'$'6$)1# 6%+ )$%2(0+
'/+$#''(/$+ ).+D$(-'#3.(/+0# 1"# U &+0$,+ .#/ '6''# 0# '/+$#''(/$# ,$ $%2/#))(< E '+0 7$%#9 ;-3#/2# )7/6''+ 6%
+../(11$( (/$2$%+0# .#/ 0+ 2#%#/+0$DD+D$(%# ).+D$(-'#3.(/+0#9 /$,61#%,( 0+ ./#1$)$(%# ,#00# '/+$#''(/$# ,$
$%2/#))( %#00( ).+D$( # %#0 '#3.( $% 3(,( ,+ /#%,#/# (2%$ '/+$#''(/$+ $%2/#))( $%,$)'$%26$*$0# ,+00# +0'/# %&
' '/+$#''(/$#< aj+02(/$'3( 3$%$3$DD+ $0 1()'( ,#00j(.#/+D$(%#9 1$(U 0+ .#/,$'+ ,$ ./#1$)$(%#<
*+#,(-&.%/
a+ ./+))$ .#/ 0+ 1(%)#/&+D$(%# ,#00+ ./$&+18 ,#20$ 6'#%'$ $% ,+'+)#' ,$ '/+$#''(/$# ).+D$(-'#3.(/+0$ 1(%)$)'# %#0
)()'$'6$/# 20$ $,#%'$7$1+'$&$ .#/)(%+0$ 1(% .)#6,(-$,#%'$7$1+'(/$ K&+0(/$ .+))+'$ +''/+&#/)( 76%D$(%$ ,$ "+)" %(%
/#&#/)$*$0$9 (..6/# 1+)6+0$M< !6''+&$+9 V6#)'+ %(% U 6%+ 3$)6/+ )677$1$#%'#9 )(./+''6''( $% /#0+D$(%# +00+
.())$*$0$'T ,$ '/+11$+/# $ 3(&$3#%'$ ,#$ )$%2(0$ 6'#%'$< Gk )'+'( .$b &(0'# ,$3()'/+'( 1"# 0@6)( ,$ .)#6,(-
$,#%'$7$1+'(/$ %(% #&$'+ 0@6%$1$'T ,#00# '/+$#''(/$#< L#**#%# '+0# 6%$1$'T %(% &$(0$ ,$ .#/ )l 0+ ./$&+189 )$ '/+''+ ,$
6%+ &60%#/+*$0$'T 1"# .6` .(/'+/# + /#-$,#%'$7$1+D$(%# ,#20$ 6'#%'$<
N+%2+((5 " 044'5#+O5&%5
d#%#/+0$DD+/# '/+$#''(/$# ).+D$(-'#3.(/+0$ ).+/)#9 /$).#''+%,( $ ./$%1$.$ ,$ g/$&+18 g/#)#/&$%2 Y+'+ g6*0$)"$%2
# /$,61#%,( +0 3$%$3( 0+ .#/,$'+ ,$ ./#1$)$(%#< m-3#/2# 2+/+%'$)1# 1"# V6+0)$+)$ 2/6..( ,$ '/+$#''(/$# &#%2+
76)(9 3+%'#%#%,( 6% *6(% 0$&#00( ,$ ./#1$)$(%# %#$ ,+'$ # )#%D+ #0$3$%+/# ( 1/#+/# 1+3.$(%$ %#00# '/+$#''(/$#<
aj+02(/$'3( U 7(%,+3#%'+0# .#/ 0@+%(%$3$DD+D$(%# #, "+ +..0$1+D$(%$ %#00@+%+0$)$ ,$ ,+'$ ,$ 3(*$0$'T<
E2+/5& /5 E15'.44&
aj+02(/$'3( ;-3#/2# U )'+'( $3.0#3#%'+'( # '#)'+'( )6 ,+'+)#' /#+0$ ,$ 2/+%,$ ,$3#%)$(%$ 7(/%$'$ ,+
(.#/+'(/$ ,$ /#'# 3(*$0#< !Ja h<
!52&'&
S#'(,(Q.#/Q0+Q76)$(%#Q,$Q'/+$#''(/$#Q).+D$(Q
'#3.(/+0$<
J$7<QAIJQIJTLW
0B32-+#2
= ,+'$ ,+ '/+%)+D$(%$ ,$2$'+0$ )(%( /#2$)'/+D$(%$ ,$ #&#%'$ 2#(-/#7#/#%D$+'$ # 0(1+0$DD+'$ %#0 '#3.(9 +))(1$+'$
+00# +''$&$'T ,$2$'+0$ ,$ (2%$ $%,$&$,6(< G)#3.$ )(%( $ ,+'+)#' ,$ '/+77$1( ,$ '#0#7(%$+ 3(*$0# /+11(0'$ ,+20$
(.#/+'(/$ ,$ /#'# 1#0060+/#< !+0$ ,+'$ 7(/%$)1(%( $%7(/3+D$(%$ )6$ 3(&$3#%'$ # $0 1(3.(/'+3#%'( ,$ &+)'#
.(.(0+D$(%$ ,$ 6'#%'$ # )$ )(%( /+.$,+3#%'# +77#/3+'$ 1(3# 7(%'# ./$3+/$+ ,$ 1(%()1#%D+ .#/ &+/$#
+..0$1+D$(%$< !6''+&$+9 $0 0(/( 6'$0$DD( U 3(0'( 0$3$'+'( ,+ ./(*0#3$ ,$ ./$&+189 )(./+''6''( + 1+6)+ ,#00+
6%$1$'T ,#00# '/+$#''(/$# ,#20$ 6'#%'$ 1"#9 ,6%V6#9 0$ /#%,# /$1(%()1$*$0$< a@$%&#%D$(%# )$ /$7#/$)1# +, 6%
+02(/$'3(9 $0 ;-3#/2#9 1"# /#%,# $,#%'$1"# 7/+ 0(/( 6% $%)$#3# ,$ '/+$#''(/$# ).+D$(-'#3.(/+0$ ).+/)#9
+''/+&#/)( 6% ./(1#))( ,$ 2#%#/+0$DD+D$(%#< =0 ;-3#/2# U 6% #0#3#%'( 7(%,+3#%'+0# .#/ 0+ /#+0$DD+D$(%#
,$ )(06D$(%$ 1"# 2+/+%'$)1(%( 0@+%(%$3+'( ,#20$ 6'#%'$9 #&$'+%,( 0@6%$1$'T ,#00# 0(/( '/+$#''(/$#<
!52&'+-";859:;<=>
C3252.2&:;CGCC!
C%1"%2&-";/5;-5A"-57"%2&:;D+-#&;X5&-"
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;IIKJYKMJIS
6 ; ; ; ; ; ; ; ; ; ;
6
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
; ; ; ; ; ; ; ; ;
!"#$%&'&()
E11(/,$%2 '( '"# ./$%1$.+0 #3*(,$3#%') (7 '"# $%&#%'$(%9 '"# )8)'#3 1(60, $%106,# &+/$(6) &$,#( )'/#+3
)(6/1# ,#&$1#)F &$,#( 1+3#/+9 1(3.6'#/9 '& '6%#/9 +%, ,$).0+8 ,#&$1#) K)61" +) 1(3.6'#/ 3(%$'(/9
'#0#&$)$(%9 &$,#( ./(^#1'(/M<
!"# 3#'"(, 6)#) '#1"%$V6#) 7(/ $3+2# ./(1#))$%29 '/+1;$%2 +%, >Y &$)6+0$D+'$(%<
*+#,(-&.%/
Y#2#%#/+'$&# ,$)#+)#) (7 '"# /#'$%+ +/# 4$,#)./#+, +%, 1+% 1+6)# "$2"08 ,$)+*0$%2 &$)6+0 $3.+$/3#%')
#).#1$+008 $% '"# *$%(160+/ &$)$(% +%, 4"#% '"# ,+3+2# /#2+/,) '"# 3+160+< !"# $%&#%'$(% 1+% )$2%$7$1+%'08
$3./(&# '"# V6+0$'8 (7 0$7#9 #).#1$+008 7(/ (0,#/ .#(.0# 7(/ 4"(3 +0)( + .+/'$+0 /#1(&#/8 (7 )(3# +1'$&$'$#)
K)61" +) /#+,$%2M $) (7 6'3()' $3.(/'+%1#< L+$, ./(*0#3 "+) )$2%$7$1+%' $3.+1' $% '#/3) (7 )(1$+0 1()')9
#).#1$+008 7(/ '"# 0()) (7 ./(,61'$&$'8 (7 '"# .#(.0# )677#/$%2 7/(3 '"$) ;$%, (7 ,$)#+)#<
0/1+%2+("3;+%/;044'5#+25&%3
!"# 3#'"(, $) %(%-$%&+)$&# +%, %(' .+/'$160+/08 #5.#%)$&#< =' +00(4) '"# 1(//#1' *$%(160+/ &$)$(% #&#% $7
,$77#/#%' ,#7#1') +/# 0(1+0$D#, $% 1(//#).(%,$%2 /#'$%+0 .($%') +%, ,( %(' 1+6)# 0()) (7 $%7(/3+'$(%< e"#% +
0()) (7 $%7(/3+'$(% (116/) +%, '"# ,#7#1') +/# 0(1+0$D#, $% %(%-1(//#).(%,$%2 /#'$%+0 .($%')9 '"# 3#'"(,
#%+*0#) )$2%$7$1+%' $3./(&#3#%' '( '"# *$%(160+/ &$)$(%<
6"1"'&47"%2;32+("
=' 4+) 1+//$#, (6' + '#)' (% '"# #77#1'$&#%#)) (7 +% (.'$1+0 *06/ 7$0'#/ $% +% #0,#/08 .+'$#%' )677#/$%2 7/(3 +
/#'$%+0 #.$'"#0$(.+'"8 $% '"# *#''#/ &$)6+0 +16$'8@) #8#9 1+6)$%2 ,$)'(/'$(%) +%, 0()) (7 $%7(/3+'$(%< !"# '#)'
,#3()'/+'#, '"# +*$0$'8 (7 '"# .+'$#%' '( /#+, 4#00 $% *$%(160+/ &$)$(%9 %(' 0(%2#/ .#/1#$&$%2 '"# ,8%+3$1
,$)'(/'$(% #77#1')<
!52'"
S#'"(, 7(/ 1(//#1'$%2 +%,:(/ /#,61$%2 &$)6+0
,#7#1') ,6# '( + ,#2#%#/+'$&# ,$)#+)# (7 '"# /#'$%+
+%, /#0+'#, )8)'#3<
J#7<QAIJQIJTTS
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#7#/) '( + 3#'"(, +%, /#0+'#, )8)'#3 7(/ 1(//#1'$%2 (/ /#,61$%2 '"# &$)6+0
,#7#1') 1+6)#, *8 ,#2#%#/+'$&# ,$)#+)#) (7 '"# /#'$%+ )61" +) 3+160+/ ,#2#%#/+'$(%) 4"#% '"# .+'$#%'
4+'1"#) + &$,#(< G&#% $7 (%08 (%# #8# $) +77#1'#, *8 + ,#2#%#/+'$&# ,$)#+)#9 '"# 76)$(% ./(1#)) (.#/+'#,
*8 '"# &$)6+0 1(/'#5 1(60, /#)60' $% + )$2%$7$1+%'08 +0'#/#, .#/1#.'$(% +%, )(3#'$3#) 1(60, 1+6)# ,8%+3$1
,$)'(/'$(% #77#1')< B7'#%9 '"# .+'$#%' "+) '( 4+'1" + &$,#( ;##.$%2 10()#, '"# #8# +77#1'#, *8 '"# ,$)#+)#9
4$'" 1(%)$,#/+*0# ,$)1(37(/'<
!"# .+'#%'#, 3#'"(, +00(4) '( /#)'(/# + ./(.#/ *$%(160+/ &$)$(% 4"#% '"# /#'$%+0 ,#2#%#/+'$(% ,(#) %('
1+6)# 0()) (7 $%7(/3+'$(%W (/9 $% 1+)# (7 0()) (7 $%7(/3+'$(%9 4"#% $' $) $% %(%-1(//#).(%,$%2 /#'$%+0
.($%')<
0335(%"";839:;<=>
<=>;C%3252.2":;C<0>
D+5%;C%1"%2&-:;<+-7"'&;R&/+2&
<&.%2-5"3:;C!?;H<!
H-5&-52);/+2":;MYKJTKMJIS
7
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 )$)'#3+ .6` $%106,#/# ,$&#/)$ ,$).()$'$&$ )(/2#%'# ,#0 706))( &$,#(9 V6+0$ +, #)#3.$( &$,#(1+3#/+9
1(3.6'#/9 3#DD$ .#/ 0+ /$1#D$(%# ,$ )#2%+0$ '#0#&$)$&$ # ,$).()$'$&$ ,$ &$)6+0$DD+D$(%#9 1(3# +, #)#3.$(
)1"#/3( '#0#&$)$&(9 3(%$'(/9 &$,#(./($#''(/#< =0 3#'(,( (22#''( ,#00@$%&#%D$(%# ./#&#,# 0@6'$0$DD( ,$
'#1%$1"# ,$ #0+*(/+D$(%# $33+2$%#9 '/+11$+3#%'( # &$)6+0$DD+D$(%# >Y<
*+#,(-&.%/
a# .+'(0(2$# ,#2#%#/+'$&# ,#00+ /#'$%+ )(%( 3(0'( ,$776)# # .())(%( ./(&(1+/# ,$7#''$ ,#00+ &$)$(%#
7(/'#3#%'# $%&+0$,+%'$ %#00+ &$)$(%# *$%(160+/# # )# /$26+/,+%( 0+ 3+160+< =0 '/(&+'( .6` 3$20$(/+/#
)#%)$*$03#%'# 0+ V6+0$'T ,$ &$'+9 ).#1$+03#%'# .#/ 0# .#/)(%# +%D$+%# .#/ 0# V6+0$ 6% /#16.#/( +%1"# .+/D$+0#
,$ +016%# +''$&$'T9 1(3# 0+ 0#''6/+9 U ,$ #)'/#3+ $3.(/'+%D+< =0 1(%'#)'( U ,6%V6# ,$ 2/+%,# $%'#/#))# $%
'#/3$%$ ,$ 1()'$ )(1$+0$9 +%1"# $% /#0+D$(%# +00+ .#/,$'+ ,$ ./(,6''$&$'T ,#$ )(22#''$ +77#''$ ,+0 ,$)'6/*(<
N+%2+((5;";044'5#+O5&%5
=0 3#'(,( %(% U $%&+)$&( # 6'$0$DD+ '#1%(0(2$# %(% 3(0'( 1()'()#W A(%)#%'# $0 /$./$)'$%( ,#00+ &$)$(%#
*$%(160+/# 1(//#''+9 +%1"# %#0 1+)( $% 16$ .$b ,$7#''$ )(%( 0(1+0$DD+'$ $% .6%'$ /#'$%$1$ 1(//$).(%,#%'$ )# %(%
1(3.(/'+%( .#/,$'+ ,$ $%7(/3+D$(%#W =% 1+)( ,$ .#/,$'+ ,$ $%7(/3+D$(%# # ,$7#''$ /$26+/,+%'$ .6%'$ /#'$%$1$ %(%
1(//$).(%,#%'$9 $0 3#'(,( 1(%)#%'# )#%)$*$0$ 3$20$(/+3#%'$ ,#00+ &$)$(%# *$%(160+/#<
E2+/5&;/5;E15'.44&
Gj )'+'( #77#''6+'( 6% '#)' )600j#77$1+1$+ ,$ 6% 7$0'/( (''$1( ,$ )7(1+'6/+ $% 6%+ .+D$#%'# +%D$+%+ +77#''+ ,+ 6%+
7(/3+ ,$ #.$'#0$(.+'$+ /#'$%$1+ 1(% ,#7(/3+D$(%# # .#/,$'+ ,$ $%7(/3+D$(%# %#00+ 3+160+ ,#00@(11"$( 1(%
&$)6) 3$20$(/#< G@ )'+'+ &#/$7$1+'+ 0+ 1+.+1$'T ,#00+ .+D$#%'# ,$ 0#22#/# $% &$)$(%# *$%(160+/#9 )#%D+ .$b
.#/1#.$/# 20$ #77#''$ ,$)'(/)$&$ ,$%+3$1$ ./#)#%'$ )#%D+ $0 7$0'/(<
!52&'&
S#'(,(Q.#/Q1(//#22#/#Q#:(Q+''#%6+/#Q,$7#''$Q&$)$&$Q
,(&6'$Q+,Q6%+Q.+'(0(2$+Q,#2#%#/+'$&+Q,#00+Q/#'$%+Q#Q
/#0+'$&(Q)$)'#3+<
J$7<QAIJQIJTTS
0B32-+#2
a+ ./#)#%'# $%&#%D$(%# /$26+/,+ 6% 3#'(,( #, $0 /#0+'$&( )$)'#3+ .#/ 1(//#22#/# ( +''#%6+/# $ ,$7#''$
&$)$&$ 1+6)+'$ ,+ .+'(0(2$# ,#2#%#/+'$&# ,#00+ /#'$%+ K1(3# 0# ,#2#%#/+D$(%$ 3+160+/$M V6+%,( $0 .+D$#%'#
26+/,+ 6% &$,#( /$./(,(''( )6 6% ,$).()$'$&( ,$ &$)6+0$DD+D$(%#< E%1"# V6+%,( 0+ .+'(0(2$+ 1(0.$)1# 6%
)(0( (11"$(9 $0 ./(1#))( ,$ 76)$(%# (.#/+'( ,+00+ 1(/'#11$+ &$)$&+ .6` ./(&(1+/# .#/1#D$(%$ 3(0'( +0'#/+'#
# + &(0'# 1(% #77#''$ ,$)'(/)$&$ ,$ '$.( ,$%+3$1(< L.#))( 0+ .#/)(%+ U 1()'/#''+ 26+/,+/# '#%#%,( (1106)(
0j(11"$( +77#''( ,+00+ .+'(0(2$+ 1(0 %('#&(0# ,$)+2$( 1"# %# 1(%)#26#< =0 3#'(,( 1(%)#%'# $0 /$./$)'$%(
,#00+ &$)$(%# *$%(160+/# 1(//#''+ %#0 1+)( $% 16$ 0+ ,#2#%#/+D$(%# /#'$%$1+ %(% ./(&(1+ .#/,$'+ ,$
$%7(/3+D$(%#W A(%)#%'# 6% )#%)$*$0# 3$20$(/+3#%'( ,#00+ &$)$(%# *$%(160+/# +%1"# V6+%,( 0+ .+'(0(2$+
1+6)+ .#/,$'+ ,$ $%7(/3+D$(%# %#0 1+)( $% 16$ V6#)'@60'$3+ /$26+/,+ .6%'$ /#'$%$1$ %(% 1(//$).(%,#%'$<
!52&'+-";859:;<=>
C3252.2&:;C<0>
C%1"%2&-";/5;-5A"-57"%2&:;<+-7"'&;R&/+2&
!"--52&-5;/5;15("%O+:;C!?;H<!
6+2+;/5;4-5&-52P:;MYKJTKMJIS
6 ; ; ; ; ; ; ; ; ; ;
8
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# .+'#%'#, )(06'$(% $) *+)#, (% 1(%'/(00#, ,#7(/3+'$(%) (7 '"# (.'$1+0 7$*#/ /$**(%)9 6)$%2 +% (.'$3$D#,
0+8(6' +%, ).#1$+0 1(3.(%#%') +) 7$*#/) )6..(/' +%, ./('#1'$(% K7/+3#M< !"#)# 7/+3#) "+&# *##% ,#)$2%#,
4$'" 1(%)'/+$%) K.$%)9 *(6%,+/8 4+00)9 #'1M '"+' #%7(/1# '"# /$**(%) '( '+;# +% (.'$3$D#, .()$'$(%< Z6008
+6'(3+'$D#, +))#3*08 '#1"%(0(2$#)9 *+)#, (% +6'(3+'$1 &$)$(% )8)'#3)9 /(*('$1)9 $%,6)'/$+0 +6'(3+'$(%9
+/# 6)#, 7(/ '"# 1$/16$' +))#3*08<
*+#,(-&.%/
!"# )'+'# (7 '"# +/' 1(%)$)') (7 #5'#/%+0 (.'$1+0 1$/16$')< !"#)# '8.#) (7 1$/16$') +/# F Z0#5$*0# 1$/16$') K(.'$1+0
7$*#/) +/# .0+1#, (% + 70#5$*0# )6*)'/+'#M (/ L'$77 1$/16$') K(.'$1+0 7$*#/) +/# +))#3*0#, $%)$,# + )'$77 "(6)$%2M< =%
+00 1+)#)9 )'+/'$%2 7/(3 !5 1(%%#1'(/)9 +00 (.'$1+0 7$*#/) (7 #+1" /$**(% 36)' *# ).0$''#, +%, /(6'#, '( '"# J5
1(%%#1'(/)< G+1" *+1;.0+%# (.'$1+0 1$/16$' $) + 3(%(0$'"$1 (*^#1'<
0/1+%2+("3 +%/ 044'5#+25&%3
!"#Q$%&#%'$(%Q7$%,)Q+..0$1+'$(%Q(%Q"$2"Q1+.+1$'8Q=A!Q+..+/+'6)Q+%,Q*$2Q,+'+Q1#%'#/Q+..+/+'6)Q7(/Q$%'#/%#'<Q
S(/#(&#/Q'"#Q+))#3*08Q3#'"(,Q1+%Q*#Q+..0$#,Q'(Q('"#/Q)#1'(/)<QE,&+%'+2#)FQ)$D#Q/#,61'$(%Q1(3.+/#,Q'(Q'"#Q
)'+'#Q(7Q'"#Q+/'WQ3(/#Q#77#1'$&#Q./(,61'$(%Q./(1#))WQ3(,60+/Q*+1;.0+%#)WQ3(/#Q#77$1$#%'Q+%,Q1"#+.#/Q)8)'#3Q
3+$%'#%+%1#WQ6)#Q(7Q1(33#/1$+0Q(.'$1+0Q7$*#/)WQ=gQ./('#1'$(%<
6"1"'&47"%2 32+("
!"# (.'$1+0 $%'#/1(%%#1'$(% 1$/16$' ,#&#0(.3#%' +%, ./('('8.$%2 "+&# *##% 1(3.0#'#,< !"# ./('('8.#) "+&#
)611#))76008 .+))#, +00 (.'$1+0 +%, 76%1'$(%+0 '#)')< B.'$1+0 1$/16$') ./(,61'$(%9 3+%67+1'6/$%2 '#1"%(0(2$#)
+%, /#0+'#, 1()') "+&# *##% #&+06+'#,< E /(*('$1 +))#3*08 1#00 "+) *##% ,#&#0(.#, 7(/ + 7600 +6'(3+'#,
(.'$1+0 1$/16$') ./(,61'$(%< !"# )(06'$(% $) /#+,8 7(/ 0+/2# )1+0# 3+%67+1'6/$%2<
0335(%""839:;<=>
<=>;C%3252.2":;E!CCD0;8C!C09
D+5% C%1"%2&-:;N52&;*+35'"
<&.%2-5"3:;GH?;@E
H-5&-52) /+2":;MSKJSKMJIU
!52'"
=3./(&#3#%') $% '"# (.'$1+0 $%'#/1(%%#1'$(%
)8)'#3) *#'4##% )$2%+0 )4$'1"$%2 1$/16$' *(+/,)<
J#7<QAIJQIJMYS
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#7#/) '( +% (.'$1+0 $%'#/1(%%#1'$(% 1$/16$' 7(/ *+1;.0+%# $% "$2" 1+.+1$'8 =A!
+..+/+'6) +%, /#0+'#, +6'(3+'$1 +))#3*08 3#'"(,< !"# )(06'$(% $) *+)#, (% + .0+%+/ K(% '"# *+1;.0+%# (/
(% + 10()# .+/+00#0 .0+%#M ,#&#0(.3#%' (7 '"# 7$*#/ (.'$1) /$**(% .+'") $%)$,# + 3#1"+%$1+0 )6..(/'
K7/+3#M +%, + 1(%'/(00#, ,#7(/3+'$(% (7 '"# (.'$1+0 7$*#/) '"+%;) '( 3#1"+%$1+0 1(%)'/+$%) #3*#,,#, $%'(
'"# 7/+3#< !"# (.'$1+0 7$*#/) /$**(%) +/# 2#%#/+0 .6/.()# +%, +&+$0+*0#9 +%, +00 1(%%#1'(/) +/#
)'+%,+/,$D#,< !"# (&#/+00 (.'$1+0 $%'#/1(%%#1'$(% 1$/16$') +/# .+/'$+0$D#, $%'( I $%,#.#%,#%' 1$/16$')9 #+1"
(7 4"$1" 1(%%#1') +00 1+/,) 3(6%'#, (% '"# *+1;.0+%#< !"$) .+/'$'$(% "+) 1(%)$,#/+*0# +,&+%'+2#) $%
'#/3) (7 #+)# (7 3+$%'#%+%1# K'$3# +%, 1()' /#,61'$(%M< =% '"# !5-J5 1(%%#1'$(%9 (.'$1+0 7$*#/) +/# %('
).0$''#, +%, '"#8 +04+8) /#3+$%) $%)$,# + /$**(%<
; ; ; ; ; ;
9
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
a+ )(06D$(%# U *+)+'+ )6 ,#7(/3+D$(%$ 1(%'/(00+'# ,#00# 7$*/# (''$1"# + /$**(%9 )6 6% 0+8(6' (''$3$DD+'( ,#$
1$/16$'$ # )600j$3.$#2( ,$ 1(3.(%#%'$ ,$ )6..(/'( # ./('#D$(%# K'#0+$(M< c6#)'$ 60'$3$ "+%%( &$%1(0$
K.6%'+0$%$9 .+/#'$ ,$ 1(%'#%$3#%'(9 #11M 1"# 1()'/$%2(%( $0 /$**(% +, +))63#/# 6%+ 2$+1$'6/+
.+/'$1(0+/3#%'# 7+&(/#&(0# # /$,6//# 0j$%2(3*/(< L$ 6)+%( '#1%(0(2$# .#/ 0j+))#3*0+22$( 1(3.0#'+3#%'#
+6'(3+'$DD+'( ,#$ 1$/16$'$ (''$1$ ,$ $%'#/1(%%#))$(%# K)$)'#3$ ,$ &$)$(%#9 /(*('$1+9 +6'(3+D$(%# $%,6)'/$+0#M<
*+#,(-&.%/
I#00+ /#+0$DD+D$(%# ,$ 1$/16$'$ ,$ $%'#/1(%%#))$(%# .#/ *+1;.0+%#9 0+ '#1%$1+ %('+ 1(%)$)'# %#00@$3.$#2( ,$
1$/16$'$ (''$1$ #)'#/%$9 70#))$*$0$ K7$*/# .()+'# )6 6% )6*)'/+'( 70#))$*$0#M ( /$2$,$ K7$*/# +))#3*0+'# $% 6%
$%&(061/( ./('#''$&(M< E .+/'$/# ,+$ 1(%%#''(/$ !59 '6''# 0# 7$*/# (''$1"# ,#$ /$**(% ,#&(%( #))#/# )#.+/+'# #,
$%)'/+,+'# +$ 1(%%#''(/$ J5<
N+%2+((5 " 044'5#+O5&%5
aj$%&#%D$(%# )$ +..0$1+ +00+ /#+0$DD+D$(%# ,$ +..+/+'$ =A! (''$1$ +, #0#&+'+ 1+.+1$'T # ,$ +..+/+'$ ,$ 2/+%,$ ,+'+
1#%'#/) .#/ $%'#/%#'< a+ )(06D$(%# '#1%$1+ ,$ +))#3*0+22$( U &+0$,+ +%1"# .#/ +0'/$ )#''(/$< = &+%'+22$ )(%(
#0#%1+'$ ,$ )#26$'(F /$,6D$(%# ,#00j$%2(3*/( /$).#''( +00+ '#1%$1+ %('+W ./(1#))( ./(,6''$&( .$b #77$1$#%'#W
)&$06..( ,$ *+1;.0+%# 3(,60+/$W 3+%6'#%D$(%# .$b #77$1$#%'# #, #1(%(3$1+W 6'$0$DD( ,$ 7$*/# (''$1"#
1(33#/1$+0$W ./('#D$(%# =g<
E2+/5& /5 315'.44&
a# 7+)$ ,$ )&$06..( # ./('('$.+D$(%# ,#$ 1$/16$'$ ,$ $%'#/1(%%#))$(%# $% 7$*/+ (''$1+ )(%( )'+'# 1(3.0#'+'#< =
./('('$.$ "+%%( )6.#/+'( 1(% )611#))( '6''$ $ '#)' (''$1$ # 76%D$(%+0$< aj$%2#2%#/$DD+D$(%# ,#0 ./(,(''( U
)'+'+ )'6,$+'+ # )(%( )'+'# &+06'+'# 0# '#1%(0(2$# ,$ ./(,6D$(%# # /#0+'$&$ 1()'$<
g#/ 0+ ./(,6D$(%#9 U )'+'+ )&$06..+'+ 6%+ 1#00+ /(*('$DD+'+ .#/ 0j+))#3*0+22$( +6'(3+'$DD+'( ,#$ 1$/16$'$<
a+ )(06D$(%# U ./(%'+ .#/ 0+ ./(,6D$(%# )6 0+/2+ )1+0+<
!52&'+-"859:;;<=>
C3252.2&:;E!CCD0;8C!C09
C%1"%2&-";/5;-5A"-57"%2&:;N52&;*+35'"
!"--52&-5;/5;15("%O+:;GH?;@E
6+2+;/5;4-5&-52P:;MSKJSKMJIU
!52&'&
g#/7#D$(%+3#%'$ %#$ )$)'#3$ ,$ $%'#/1(%%#))$(%#
(''$1+ '/+ )1"#,# 1$/16$'+0$ ,$ 1(336'+D$(%# ,$
)#2%+0#<
J$7<QAIJQIJMYS
0B32-+#2
aj$%&#%D$(%# 1(%)$)'# $% 6% 1$/16$'( ,$ $%'#/1(%%#))$(%# (''$1+ .#/ *+1;.0+%# $% +..+/+'$ =A! +, #0#&+'+
1+.+1$'T # %#0 /#0+'$&( 3#'(,( ,$ +))#3*0+22$( +6'(3+'$1(W )$ *+)+ )600( )&$06..( ,#00# 1(%%#))$(%$ '/+
)1"#,# )6 6% .$+%( .+/+00#0( #:( 1($%1$,#%'# 1(% $0 *+1;.0+%#9 +00j$%'#/%( ,$ 6% )6..(/'( 3#11+%$1( K'#0+$(M
,('+'( ,$ &$%1(0$ 3#11+%$1$ (''$3$DD+'$9 # )600+ ,#7(/3+D$(%# 1(%'/(00+'+ ,#00# 7$*/# (''$1"#< a+ )(06D$(%# 6)+
7$*/# (''$1"# 1(33#/1$+0$ # 6% )$)'#3+ )'+%,+/, ,$ 1(%%#''(/$DD+D$(%#< = 1$/16$'$ ,$ $%'#/1(%%#))$(%# )(%(
.+/D$+0$DD+'$ $% I 1$/16$'$ )#.+/+'$ 1(%'#%#%'$ +0'/#''+%'# 7$*/# 1"# /#+0$DD+%( 0+ 1(%%#))$(%# ,$ '6''# 0#
)1"#,#W 1$` /#%,# 0+ )(06D$(%# 7+&(/#&(0# K.#/ '#3.$ # 1()'$M $% 7+)# ,$ 3+%6'#%D$(%#< a# 7$*/# (''$1"# %(%
&#%2(%( )#.+/+'# .#/ /#+0$DD+/# 0+ 1(%%#))$(%# !5-J59 /$3+%#%,( )#3./# $%'#2/# )(''( 7(/3+ ,$ /$**(%<
*
; ; ; ; ; ; ; ; ; ;
10
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
q8 /#)#/&$%2 > *$') +' '"# #%, (7 '"# ,+'+ 7$#0, K,#%('#, +) '"# '6%$%2 7$#0,M9 '"$) $%&#%'$(% .#/3$')
)'##/$%2 AJA 1+0160+'$(% '( + &+06# 4"$1" ,(#) %(' 1+6)# '"# $%)#/'$(% (7 +%8 )'677 *$' $% '"# AJA 7$#0, *8
'"# AEI 1(%'/(00#/< !"# $%&#%'$(% +$3) +' 1(3.0#3#%'$%2 '#1"%$V6#)9 0$;# oqpq9 4"$1" ./#&#%' &+/$+*$0$'8
$% )'677 *$') +,,#, '( '"# ('"#/ .+/') (7 '"# 7/+3#< A(3.0#'# 1(3.+'$*$0$'8 $) #%)6/#, 4$'" 0#2+18 AEI
1(%'/(00#/)<
*+#,(-&.%/
AEI $) 6)#, 7(/ /#+0-'$3# 1(336%$1+'$(%) +3(%2 ,#&$1#) $% +6'(3('$&#9 $%,6)'/$+09 +%, #3*#,,#,
)8)'#3)< q$'-)'677$%2 $% AEI 0#+,) '( ^$''#/) $% 7/+3# '/+%)7#/ '$3#)9 4"$1" 4(/)#% '"# '$3$%2 +116/+18 (7
,$)'/$*6'#, 1(%'/(0 +..0$1+'$(%)< L#&#/+0 )(06'$(%) '( '"$) $))6# 4#/# ./(.()#, $% '"# .+)' 8#+/)9 #$'"#/
*+)#, (% )'+'$)'$1+0 2/(6%,) (/ )6$'+*0# #%1(,#/)9 4"$1" ./#&#%' '"# $%)#/'$(% (7 )'677 *$') *8 3(,$78$%2 '"#
1(%'#%' (7 '"# ,+'+ 7$#0,< [(4#&#/9 '"#8 +/# 1(3.0#'#08 6%+*0# '( 1(.# 4$'" '"# AJA 7$#0,<
0/1+%2+("3 +%/ 044'5#+25&%3
!"$) $%&#%'$(% "+) '4( 3+$% +,&+%'+2#)< Z$/)'089 $' /#,61#) ^$''#/)9 4"$1" 3+8 +77#1' '"# ,6/+'$(% (7 7/+3#
'/+%)3$))$(%) $% AEI *8 6. '( +*(6' CO *$' '$3#)9 '( 4#00 *#0(4 (%# *$' '$3#< =% 1(3.#'$%2 )(06'$(%)9
/#)$,6+0 ^$''#/) 1+% *# +) "$2" +) H *$' '$3#)< L#1(%,089 $' /#,61#) '"# /#)$,6+0 #//(/ ./(*+*$0$'8 (7 AEI *8
+*(6' '4( (/,#/) (7 3+2%$'6,#< =' 1+% *# 6)#, $% 0(4-1()'9 "$2"-./#1$)$(%9 "$2"-/#0$+*$0$'8 /#+0-'$3# 1(%'/(0
)8)'#3)<
6"1"'&47"%2 32+("
E "$2"08-(.'$3$D#, ./('('8.# K1(,#1M9 4/$''#% $% A 7(/ '"# Irg agACHho sA9 "+) *##% $3.0#3#%'#, +%,
'#)'#, 7(/ 1(//#1'%#)) +%, .#/7(/3+%1#< !"# /#)60'$%2 ^$''#/9 3#+)6/#, +' '"# +..0$1+'$(% 0#&#09 $) $% '"#
(/,#/ (7 iOO%)< E '#)'*#, "+) *##% ,#&#0(.#,<
0335(%""839:;<=>
<=>;C%3252.2":;CGCC!
D+5% C%1"%2&-:;Z5+%'.#+;<"%+
<&.%2-5"3:;C!?;GH
H-5&-52) /+2":;IYKJMKMJIT
!52'"
a$3$'+'$(%Q(7Q*$'-)'677$%2Q$%Q+Q1(336%$1+'$(%Q7/+3#Q
(7Q+%Q#0#1'/(%$1Q)$2%+0<
J#7<QAIJQIJMLL
0B32-+#2
!"# *$'-)'677$%2 3#1"+%$)3 +,(.'#, $% A(%'/(00#/ E/#+ I#'4(/; KAEIM '( #%1(,# '"# *$' )'/#+3 +' '"#
."8)$1+0 0+8#/ 0#+,) '( +% 6%4+%'#, &+/$+*$0$'8 K^$''#/M $% 7/+3# '/+%)7#/ '$3#)9 )$%1# '"# %63*#/ (7 )'677
*$') $) &+/$+*0# +%, ,#.#%,) (% '"# 7/+3# 1(%'#%' $% + %(%-'/$&$+0 4+8< L(06'$(% 0$;# oqpq +%, R[AA 4#/#
./(&#, '( *# (.'$3+0 $% (/,#/ '( ./#&#%' )'677 *$') $% '"# .+80(+, (7 '"# 7/+3#< !"$) $%&#%'$(% 3+;#) $'
.())$*0# '( ./#&#%' '"# (116//#%1# (7 )'677 *$') $% '"# A810$1 J#,6%,+%18 A"#1; KAJAM 7$#0, +) 4#00< !"$)
#%)6/#) #5'/#3#08 +116/+'# +%, 1(3.0#'#08 ,#'#/3$%$)'$1 '/+%)7#/ '$3#)9 /#2+/,0#)) (7 '"# 3#))+2#
1(%'#%'< !"$) $) (7 2/#+' $3.(/'+%1# $% ,$)'/$*6'#, 1(%'/(0 )8)'#3) '( $3./(&# '"#$/ *+)$1 1"+/+1'#/$)'$1)9
)61" +) '$3$%2 +116/+18 +%,9 +) + 1(%)#V6#%1#9 V6+0$'8 (7 1(%'/(0< S(/#(&#/9 '"# $%&#%'$(% +0)( /#,61#)
%('$1#+*08 '"# /#)$,6+0 #//(/ ./(*+*$0$'89 "#%1# $%1/#+)$%2 )8)'#3 /#0$+*$0$'8<
H
; ; ; ; ; ;
11
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
a@$%&#%D$(%# ./#&#,# ,$ /$)#/&+/# > *$' +00+ 7$%# ,#0 1+3.( ,+'$ K*$' ,$ /#2(0+D$(%#M $0 16$ &+0(/# &$#%#
$3.()'+'( $% 3(,( '+0# 1"# $0 &+0(/# 1+01(0+'( ,+0 1(%'/(00#/ AEI .#/ $0 AJA %(% 1+6)$ 0@$%)#/$3#%'( ,$
+016%( )'677 *$'< a@$%&#%D$(%# U .#%)+'+ .#/ 1(3.0#3#%'+/# '#1%$1"# 1(3# oqpq9 1"# #&$'+%(
0@$%)#/$3#%'( ,$ )'677 *$' %#00# +0'/# .+/'$ ,#00+ '/+3+9 # +))$16/+ 0+ 1(3.0#'+ 1(3.+'$*$0$'T 1(% $ 1(%'/(00#/
AEI #)$)'#%'$<
*+#,(-&.%/
AEI U 6'$0$DD+'( .#/ 0# 1(36%$1+D$(%$ $% '#3.( /#+0# 7/+ ,$).()$'$&$ $% )$)'#3$ &#$1(0$)'$1$9 $%,6)'/$+0$ #,
#3*#,,#,< =0 *$'-)'677$%2 1+6)+ ^$''#/ )6$ '#3.$ ,$ '/+)3$))$(%# ,#00# '/+3# 1"# .#22$(/+%( 0@+116/+'#DD+
'#3.(/+0# ,#00# +..0$1+D$(%$ ,$ 1(%'/(00( ,$)'/$*6$'#< G)$)'(%( ,$&#/)# )(06D$(%$ + V6#)'( ./(*0#3+9 *+)+'# )6
+../(11$ ./(*+*$0$)'$1$ ( )6 (..(/'6%# 1(,$7$1"#9 1"# #&$'+%( 0@$%)#/$3#%'( ,$ )'677 *$' 3(,$7$1+%,( $0
1(%'#%6'( ,#0 1+3.( ,+'$< G))#9 '6''+&$+9 %(% )(%( $% 2/+,( ,$ 2#)'$/# $0 1+3.( AJA<
N+%2+((5 " 044'5#+O5&%5
a@$%&#%D$(%# (77/# ./$%1$.+03#%'# ,6# &+%'+22$< =%%+%D$'6''( $ ^$''#/9 1"# .())(%( &+/$+/# 0+ ,6/+'+ ,$
'/+)3$))$(%# ,#00# '/+3# 7$%( + 1$/1+ CO '#3.$ ,$ *$'9 )(%( /$,(''$ + 3#%( ,$ 6% '#3.( ,$ *$'< =%(0'/#9 0+
./(*+*$0$'T ,$ #//(/# /#)$,6+ ,$ AEI &$#%# /$,(''+ ,$ 1$/1+ ,6# (/,$%$ ,$ 2/+%,#DD+< t .())$*$0# $3.$#2+/#
0@$%&#%D$(%# %#$ )$)'#3$ ,$ 1(%'/(00( $% '#3.( /#+0# + *+))( 1()'(9 +0'+ ./#1$)$(%# # +0'+ +77$,+*$0$'T<
E2+/5& /5 315'.44&
f% 1(,#1 ./('('$.+0# +0'+3#%'# (''$3$DD+'(9 )1/$''( $% A .#/ $0 3$1/(1(%'/(00(/# Irg agACHho9 U )'+'(
$3.0#3#%'+'( # '#)'+'( .#/ &#/$7$1+/%# 1(//#''#DD+ # ./#)'+D$(%$< = /#0+'$&$ ^$''#/9 3$)6/+'$ + 0$&#00( ,#00#
+..0$1+D$(%$9 )(%( ,#00@(/,$%# ,#$ iOO %)< t )'+'( $%(0'/# )&$06..+'( 6% ,$3()'/+'(/#<
!52&'+-"859:;;<=>
C3252.2&:;CGCC!
C%1"%2&-";/5;-5A"-57"%2&:;Z5+%'.#+;<"%+
!"--52&-5;/5;15("%O+:;C!?;GH
6+2+;/5;4-5&-52P:;IYKJMKMJIT
!52&'&
a$3$'+D$(%# ,#0 *$'-)'677$%2 $% 6%+ '/+3+ ,$
1(36%$1+D$(%# ,$ 6% )#2%+0# #0#''/(%$1(<
J$7<QAIJQIJMLL
0B32-+#2
=0 3#11+%$)3( ,$ *$'-)'677$%2 6)+'( .#/ 1(,$7$1+/# $0 )#2%+0# + 0$&#00( 7$)$1( %#00# /#'$ A(%'/(00#/ E/#+
I#'4(/; KAEIM $%'/(,61# 6%+ &+/$+*$0$'T $%,#)$,#/+'+ ,#$ '#3.$ ,$ '/+)3$))$(%# ,#00# '/+3# K^$''#/M9
.($1"l $0 %63#/( ,$ )'677 *$' U &+/$+*$0# # ,$.#%,# ,+0 1(%'#%6'( ,#0 3#))+22$(< L(06D$(%$ 1(3# oqpq #
R[AA /$)60'+%( #))#/# (''$3+0$ .#/ ./#&#%$/# 20$ )'677 *$' %#0 1+/$1( 6'$0# ,#00+ '/+3+< c6#)'+ $%&#%D$(%#
/#%,# .())$*$0# ./#&#%$/# 0@(11(//#%D+ ,$ )'677 *$' +%1"# %#0 1+3.( A810$1 J#,6%,+%18 A"#1; KAJAM #,
+))$16/+ '#3.$ ,$ '/+)3$))$(%# ,#'#/3$%$)'$1$ #, #)'/#3+3#%'# +116/+'$9 + ./#)1$%,#/# ,+0 1(%'#%6'( ,#$
3#))+22$< A$` U ,$ 2/+%,# $3.(/'+%D+ %#$ )$)'#3$ ,$ 1(%'/(00( ,$)'/$*6$'$ +0 7$%# ,$ 3$20$(/+/%#
0@+116/+'#DD+ '#3.(/+0# #9 ,$ 1(%)#26#%D+9 0+ V6+0$'T ,#0 1(%'/(00(< a@$%&#%D$(%# /$,61# +%1"# $% 3(,(
)#%)$*$0# 0+ ./(*+*$0$'T ,$ #//(/# /#)$,6+ $%1/#3#%'+%,( V6$%,$ 0@+77$,+*$0$'T ,#0 )$)'#3+<
*
; ; ; ; ; ; ; ; ; ;
12
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#%&'&()
E% =%'#/%#' 1"+%%#0 7(/ &($1# (/ '#5' 3#))+2#) $) (.#%#, *#'4##% '"# 1+00#/ +%, + 6)#/ K1+00#, \*/$,2#
,#&$1#]MW '"# 6)#/ )"+/#) $') 7/## 3$%6'#) (/ '#5' 3#))+2#)<
!"# */$,2# 4$00 .#/7(/3 '"# ."(%# 1+00 (/ )#%, '"# 3#))+2#<
*+#,(-&.%/
!"# $%&#%'$(% /#7#/) '( '"# 7$#0, (7 1(336%$1+'$(% +..0$1+'$(%) KE..M 7(/ 3(*$0# ,#&$1#) K)3+/'."(%#) +%,
'+*0#')M< G5+3.0#) (7 '"#)# +..0$1+'$(%) +/# R(=g +..0$1+'$(%)9 $%)'+%' 3#))+2$%2 E..) +%, )(1$+0 %#'4(/;)<
[(4#&#/9 '"#)# +..0$1+'$(%) +00(4 '( )#%, 3#))+2# +%,:(/ .#/7(/3 &($1# 1+00) 7(/ 7/## (%08 *#'4##% '"#
6)#/) (7 '"# )+3# +..0$1+'$(%9 +0)( /#V6$/$%2 + >d:Hd 1(%%#1'$(% (% *('" 1+00#/ +%, /#1$.$#%'<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# '#1"%(0(28 +00(4) '( #)'+*0$)" + 1"+%%#0 '( '/+%)3$' &($1# (/ '#5' 3#))+2#) KLSLM 4$'"(6' +%8 ,$/#1'
*$00$%2 7/(3 +%8 ."(%# )#/&$1# ./(&$,#/<
=' 2$&#) '"# .())$*$0$'8 '( /#+1" +%8 .())$*0# /#1$.$#%'9 $%106,$%2 0+%,0$%#) +%, 0#2+18 3(*$0# ,#&$1#) 4$'" Cd
1(%%#1'$(%9 4$'"(6' /#V6$/$%2 ./#3$63 )6*)1/$.'$(%) (/ '( *68 1/#,$'9 6)#, '( 1(&#/ '"# ./$1# (7 ."(%# 1+00
.+$, *8 16//#%' )#/&$1#) '( 3(*$0# (.#/+'(/)<
6"1"'&47"%2;E2+(";
Y#&#0(.#, +Q7$/)'Q./((7 (7 1(%1#.'<
0335(%""839:;<=>
<=>;C%3252.2":;CC!
D+5% C%1"%2&-:;X+B5&;D+-25%"''5
<&.%2-5"3:;C!
H-5&-52) /+2":;J[KIMKMJIT
!52'"
L8)'#3 +%, 3#'"(,(0(28 7(/ 3+;$%2 ."(%# 1+00)
+%, )#%,$%2 '#5' 3#))+2#)<
J#7<QAIJQIJUSU
0B32-+#'
!"# ./#)#%' $%&#%'$(% /#7#/) '( + )8)'#3 +%, + 3#'"(,(0(28 '( +00(4 7/## 1+00) +%,:(/ '#5' 3#))+2#)
'(4+/, +%8 ,#&$1#9 #5.0($'$%2 3#))+2#) +%, 3$%6'#) )"+/#, *8 ('"#/ 6)#/) K*/$,2# ,#&$1#)M 6)$%2 +%
=%'#/%#' 1"+%%#0<
=% '"$) 4+8 $' $) .())$*0# '( #5.0($' '"# 7/## 3$%6'#) +%, 3#))+2#) $%106,#, $% '"# 3(%'"08 .0+%) (7 +
3(*$0# (.#/+'(/) +%, +0/#+,8 .+8#, *8 6)#/)<
E1'6+0089 )#&#/+0 6)#/) 1(%)63# (%08 + )3+00 +3(6%' (7 '"#$/ 7/## 3$%6'#) +%, 3#))+2#) +%,9 +' '"# #%,
(7 '"# 3(%'"9 '"#)# 3$%6'#) +%, 3#))+2#) +/# 0()'< !"# ./(.()#, '#1"%(0(28 +00(4) 6)#/) '( \)#00] .+/'
(7 '"#$/ 3$%6'#) +%, 3#))+2#)9 )( '"+' '"#8 1+% *# #5.0($'#, *8 ('"#/ 6)#/)<
!
; ; ; ; ;
13
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
a+ '#1%(0(2$+ 6'$0$DD+ 6% 1+%+0# $%'#/%#' .#/ 0+ '/+)3$))$(%# &(1#:3#))+22$ 1"# )$ +./# '/+ 6% ,$).()$'$&(
1"$+3+%'# # 6% ,$).()$'$&( .(%'# KV6#00( 1"# \1(%,$&$,#] 0# /$)(/)# 3#))# + ,$).()$D$(%# ,+0 ./(./$( .$+%(
'+/$77+/$(MW V6#)'@60'$3( ,$).()$'$&( U V6#00( 1"# .($ #77#''6+ 0+ 1"$+3+'+ ( 3+%,+ $0 3#))+22$( +0
,$).()$'$&( /$1#&#%'#<
*+#,(-&.%/
a@$%&#%D$(%# )$ 1(00(1+ %#00@+/#+ ,#00# +..0$1+D$(%$ ,$ 1(36%$1+D$(%# .#/ )3+/'."(%# # '+*0#' KE..M<
=% V6#)'@+/#+ )$ 1(00(1+%( +..0$1+D$(%$ .#/ $0 R(=g9 E.. ,$ $%)'+%' 3#))+2$%2 # )(1$+0 %#'4(/;W +, (22$9 V6#)'#
+..0$1+D$(%$9 .#/`9 1(%)#%'(%( 0@$%&$( ,$ 3#))+22$ # 0@#77#''6+D$(%# ,$ 1"$+3+'# )(0( '/+ ,6# 6'#%'$ 1(% 0+
)'#))+ +..0$1+D$(%# # 1"# ,$).(%2+%( ,$ 1(%%#''$&$'T >d:Hd<
N+%2+((5;";044'5#+O5&%5
a+ '#1%(0(2$+ 1(%)#%'# 0+ 1/#+D$(%# ,$ 6% 1+%+0# .#/ 0+ '/+)3$))$(%# ,#$ 3#))+22$ ( ,#00+ &(1# 1"# )$+
&$/'6+03#%'# )#%D+ 1()'$<
=%(0'/#9 ,$&$#%# .())$*$0# /+22$6%2#/# V6+0)$+)$ ,#)'$%+'+/$(9 $%106)$ $ ,$).()$'$&$ ,$ &#11"$+ 2#%#/+D$(%#9 )#%D+
%#1#))$'T ,$ 1/#,$'( ( +**(%+3#%'$ +, "(19 (0'/# 1"# +77/(%'+/# )#3.0$1#3#%'# $0 ./(*0#3+ ,#$ 1()'$ .#/ 0#
1"$+3+'# $%'#/%+D$(%+0$<
E2+/5&;/5;E15'.44&
G@Q)'+'(Q/#+0$DD+'(Q6%Q./$3(Q./((7 (7Q1(%1#.' 1(%Q+016%#Q76%D$(%+0$'T\
!52&'+-"859:;<=>
C3252.2&:;CC!
C%1"%2&-";/5;-5A"-57"%2&:;X+B5&;D+-25%"''5
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;J[KIMKMJIT
!52&'&
L$)'#3+ # 3#'(,( .#/ '#0#7(%+'# #, $%&$( ,$
3#))+22$<
J$7<QAIJQIJUSU
0B32-+#2
a@$%&#%D$(%# )$ /$7#/$)1# +, 6% )$)'#3+ # 6% 3#'(,(9 )'6,$+'$ # /#+0$DD+'$ .#/ 1(%)#%'$/# +, 6'#%'$ ,$
'#0#7(%$ 1#0060+/$ ,$ '#0#7(%+/# #:( $%&$+/# 3#))+22$ 6'$0$DD+%,( $0 '/+77$1( '#0#7(%$1( 3#))( + ,$).()$D$(%#
,+ 6% +0'/( ,$).()$'$&( K.(%'#M 6'$0$DD+%,( 6% 1+%+0# $%'#/%#'W $% V6#)'( 3(,( /$)60'+ .())$*$0# )7/6''+/# $
3$%6'$ # 3#))+22$ 2/+'6$'$ 3#%)$0$ $%106)$ %#$ .$+%$ '+/$77+/$ ,$ +0'/$ 6'#%'$ # 1"# %(% )(%( 6'$0$DD+'$
1(3.0#'+3#%'# ,+20$ 6'#%'$ )'#))$<
a@$%&#%D$(%# U +..0$1+*$0# +, 6% V6+0)$+)$ )$)'#3+ ,$ 1(36%$1+D$(%# 3(*$0#<
*
; ; ; ; ; ; ; ; ; ;
14
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
f%0$;# '"# '/+,$'$(%+0 +..0$1+'$(%) (7 '"# m#0&$% ./(*#9 '"# ./#)#%1# (7 + /('+'$%2 ,$)1 +00(4) 7(/ "$2"#/
&+/$+%' 1+.+1$'+%1# 7/#V6#%1$#) K)(3# ;[DM 4$'" /#).#1' '( '"()# (*'+$%+*0# 6)$%2 '"# 3#'"(, *8 4"$1"
(%# (7 '"# +/3+'6/#) (7 '"# 1+.+1$'+'(/ $) 1"+%2#, *8 4+8 (7 + /#)(%+%1# 0#&#/ K+*(6' COO [DM<
*+#,(-&.%/
!"# *+)$1 $,#+ 4+) 2#%#/+'#, *8 a(/, m#0&$% KPoOOM +%, "+) *##% #3.0(8#, $% /#1#%' 8#+/) 7(/ '"#
3#+)6/#3#%' (7 '"# 4(/; 76%1'$(%) (7 '4( ,$77#/#%' 3+'#/$+0) 1(%)'$'6'$%2 '"# 1+.+1$'(/ .0+'#)< !"#
;%(40#,2# (7 '"# ("#% )*+!,-"+ (7 (%# (7 '"# '4( 3+'#/$+0) +00(4) 7(/ '"# ,#'#/3$%+'$(% (7 '"# 4(/;
76%1'$(% (7 '"# ('"#/< =% '"$) .+'#%'#, +..0$1+'$(%9 '"# +/3+'6/#) (7 '"# 1+.+1$'(/ /#3+$% 7$5#, 4"$0# '"#
,$#0#1'/$1 1(%)'+%' $) 1"+%2#, *8 3#+%) (7 + /('+'$%2 ,$)1 3+,# (7 &+/$+*0# ,$#0#1'/$1 1(%)'+%' 3+'#/$+0<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# 2/#+'#)' +,&+%'+2# (7 '"# ./(.()#, ,#&$1# $) /#0+'#, '( '"# +*$0$'8 '( 3#+)6/# YA &(0'+2#)9 4$'"(6'
1(%'+1W $' 4(60, *# ,$77$160' '( (*'+$% *8 6)$%2 ('"#/ 3#'"(,) 4"$1" 4(60, /#V6$/# '"# ./#)#%1# (7 &+/8$%2
&(0'+2#)9 #&#% $7 +' 0(4 7/#V6#%18< !"# $%&#%'$(% 1+% *# +..0$#, $% '"()# )#1'(/) 4"#/# '"#/# +/#
1(%'$%6(6) "$2" &(0'+2#)<
6"1"'&47"%2 32+("
!"# ,#&$1# $) +' '"# 0+*(/+'(/8 ./('('8.# )'+2#<
0335(%""839:;<=>?;@%51"-352) &A;>&7";!&-;N"-(+2+
<=>;C%3252.2":;C=D;8C60E<9
D+5% 5%1"%2&-:;X+B5&;R&;<+32-&
<&.%2-5"3:;C!
H-5&-52) /+2":;JWKIJKMJIY
!52'":
G0#1'/$1 7$#0, 3#+)6/#3#%' ,#&$1#<
J#7<QAIJQIJWMY
0B32-+#2
!"$) $%&#%'$(% /#7#/) '( + ,#&$1# 7(/ '"# 3#+)6/#3#%' (7 +% #0#1'/$1 7$#0,< =% .+/'$160+/9 '"# $%&#%'$(%
/#0+'#) '( + ,#&$1#9 )'6,$#, +%, /#+0$D#, 7(/ '"# ,#'#1'$(% (7 #0#1'/$1 7$#0,) - #$'"#/ 1(%)'+%' (/ 1(%'$%6(6)9
(/ )0(408 1"+%2$%2 (&#/ '$3# - 7(/ +..0$1+'$(%) /#2+/,$%2 ).#1$7$1+008 "$2" .('#%'$+0 7$#0,) ./#)#%' $% %+'6/#
- $% .+/'$160+/ $% '"# +'3()."#/# - (/ 1(%'$%6(6)08 .(4#/#, #0#1'/$1+0 1$/16$')9 )61" +)9 7(/ #5+3.0#9 "$2"
&(0'+2# .(4#/ 0$%#)< !"# &#/)+'$0$'8 (7 '"# ,#&$1# +00(4) $' '( *# 6)#, 7(/ +%8 +..0$1+'$(% 4"#/# $' $)
%#1#))+/8 '( +))#)) $7 +% #0#1'/$1+0 1$/16$' $) .(4#/#, (/ %('<
H
; ; ; ; ; ;
15
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
E ,$77#/#%D+ ,#00# '/+,$D$(%+0$ +..0$1+D$(%$ ,#0 m#0&$% g/(*#9 0+ ./#)#%D+ ,#0 ,$)1( /('+%'# 1(%)#%'# ,$
/+22$6%2#/# 7/#V6#%D# ,$ &+/$+D$(%# ,#00+ 1+.+1$'T .$b #0#&+'# KV6+01"# ;[DM /$).#''( + V6#00# (''#%$*$0$
1(% $0 3#'(,( $% 16$ 6%+ ,#00# +/3+'6/# ,#0 1(%,#%)+'(/# &$#%# 7+''+ &+/$+/# 1(% 6%+ 0#&+ $% /$)(%+%D+
KCOO [D 1$/1+M<
*+#,(-&.%/
a@$,#+ ,$ *+)# U +''/$*6$'+ + a(/, m#0&$% KPoOOM #, U )'+'+ $3.$#2+'+ %#20$ +%%$ /#1#%'$ .#/ 0+ 3$)6/+ ,#00+
,$77#/#%D+ ,#00# 76%D$(%$ 0+&(/( ,$ ,6# 3+'#/$+0$ ,$&#/)$ 1()'$'6#%'$ 0# +/3+'6/# ,#0 1(%,#%)+'(/#<
a+ 1(%()1#%D+ ,#00+ 76%D$(%# 0+&(/( ,$ 6%( ,#$ ,6# 3+'#/$+0$ 1(%)#%'# 0+ ,#'#/3$%+D$(%# ,#00+ 76%D$(%#
0+&(/( ,#00@+0'/(< I#00@+..0$1+D$(%# */#&#''+'+9 0# +/3+'6/# ,#0 1(%,#%)+'(/# /#)'+%( 7$))# 3#%'/# 0+
1()'+%'# ,$#0#''/$1+ &$#%# 1+3*$+'+ '/+3$'# 6% ,$)1( /('+%'# ,$ 6% 3+'#/$+0# + 1()'+%'# ,$#0#''/$1+ &+/$+*$0#<
N+%2+((5 " 044'5#+O5&%5
=0 3+22$(/ &+%'+22$( ,#0 ,$).()$'$&( ./(.()'( U 0#2+'( +00+ .())$*$0$'T ,$ 3$)6/+/# '#%)$(%$ 1(%'$%6# )#%D+
1(%'+''(9 1()+ ,$77$1$03#%'# (''#%$*$0# 1(% +0'/$ 3#'(,$9 1"# %#1#))$'+%( ,#00+ ./#)#%D+ ,$ '#%)$(%$ &+/$+*$0$
+%1"# )# ,$ *+))$))$3+ 7/#V6#%D+< g6` #))#/# +..0$1+'( $% V6#$ )#''(/$ (&# )(%( ./#)#%'$ #0#&+'# '#%)$(%$
#0#''/$1"# $% 1(%'$%6+<
E2+/5&;/5;E15'.44&
=0 ,$).()$'$&( U $% 7+)# ./('('$.+0# ,$ 0+*(/+'(/$(<
!52&'+-";859:;<=>?;@%51"-352P;/5;>&7+;!&-;N"-(+2+
C3252.2&:;C=D;8C60E<9
C%1"%2&-";/5;-5A"-57"%2&:;X+B5&;R&;<+32-&
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;JWKIJKMJIY
!52&'&:
Y$).()$'$&( .#/ 0+ 3$)6/+D$(%# ,$ 6% 1+3.( #0#''/$1(<
J$7<QAIJQIJWMY
0B32-+#2
a+ ./#)#%'# $%&#%D$(%# /$26+/,+ 6% ,$).()$'$&( .#/ 0+ 3$)6/+D$(%# ,$ 6% 1+3.( #0#''/$1(<
I#00( ).#1$7$1(9 0@$%&#%D$(%# 1(%1#/%# 6% ,$).()$'$&( )'6,$+'( # /#+0$DD+'( .#/ 0+ /$0#&+D$(%# ,#00+ ./#)#%D+
,$ 1+3.$ #0#''/$1$9 1()'+%'$ ( 1(%'$%6$ ( 0#%'+3#%'# &+/$+*$0$ %#0 '#3.(9 .#/ +..0$1+D$(%$ 1"# /$26+/,+%(
+0'$ .('#%D$+0$ ./#)#%'$ $% %+'6/+9 $% .+/'$1(0+/# $% +'3()7#/+9 (..6/# $% 1$/16$'$ #0#''/$1$ +0$3#%'+'$ $%
1(%'$%6+9 1(3# +, #)#3.$( %#00# 0$%## ,$ +0$3#%'+D$(%# +, +0'+ '#%)$(%# 1(%'$%6+< a+ &#/)+'$0$'T ,#0
,$).()$'$&( 1(%)#%'# ,$ 6'$0$DD+/0( .#/ V6+0)$+)$ +..0$1+D$(%# .#/ 0+ V6+0# U %#1#))+/$( &+06'+/# )# 6%
1$/16$'( #0#''/$1( U +0$3#%'+'( ( 3#%(<
*
; ; ; ;;";!"#%&'&(5";4"-;'QG%"-(5+;";5;!-+34&-25
16
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# 3#'"(, $%&(0&#) '"# 6)# (7 *$(0(2$1+0 '$))6# 70+.) )'+$%#, 4$'" + *$(1(3.+'$*0# 1"/(3(."(/#9 +..0$#,
+%, 4#0,#, *8 0+)#/-$%,61#, 4#0,$%2 $% 1(//#).(%,#%1# (7 + ,$)1(%'$%6$'8 (/ + .#/7(/+'$(% ./#)#%' (% '"#
0#%) 1+.)60#< !"# +..+/+'6) 1(3./$)#) +% E0d+E) ,$(,# 0+)#/ K#3$))$(% +' oPO %39 .(4#/ (7 O<i-P<O eM
4$'" 7$*#/-(.'$1 '/+%)3$))$(% +%, +% +..0$1+'(/ "+%,.$#1#<
*+#,(-&.%/
!"# $%&#%'$(% /#0+'#) '( '"# 7$#0, (7 0+)#/ 4#0,$%2 '#1"%$V6#) (7 *$(0(2$1+0 '$))6#) +%, '"#$/ +..0$1+'$(%) '(
(."'"+03$1 )6/2#/89 #).#1$+008 7(/ '"# )6'6/$%29 /#.+$/$%2 +%, )#+0$%2 (7 (160+/ )'/61'6/#)< B%# (7 '"#
./(*0#3) '"+' /#3+$% '( *# )(0&#, $% (."'"+03$1 )6/2#/8 $) "(4 '( /#.+$/ '"# 1+.)60# 1(%'+$%$%2 '"# 0#%)9
*#1+6)# '"# 4+00 (7 '"# 1+.)60# $) #5'/#3#08 )0#%,#/ KPO 3$1/(3#'#/)M +%, 6%,#/ 1(%)$,#/+*0# '#%)$(%9 )(
1(%&#%'$(%+0 )6'6/#) 1+%%(' *# 6)#,<
0/1+%2+("3 +%/;044'5#+25&%3
!"#Q3#'"(,Q)(0&#)Q'"#Q./(*0#3Q(7Q)6'6/$%2Q'"#Q0#%)Q1+.)60#Q+%,Q1+%Q*#Q+..0$#,Q$%Q'"#Q./(1#,6/#)Q(7Q\0#%)Q
/#7$00$%2]9Q+..0$1+*0#Q$%Q1+'+/+1'Q)6/2#/8Q+%,Q'(Q)(0&#Q./#)*8(.$+<Q='Q1+%Q+0)(Q7$%,Q+,&+%'+2#(6)Q+..0$1+'$(%)Q
7(/Q'"#Q+''+1"3#%'Q(7Q1(/%#+0Q(/Q$%'/+(160+/Q$3.0+%')9Q)61"Q+)Q1(%'+1'Q0#%)#)9Q$%'/+(160+/Q0#%)#)9Q+)Q4#00Q+)Q
7(/Q1(%'+$%3#%'Q(7Q/#'$%+0Q,#'+1"3#%')Q+%,Q7(/Q'"#Q10()6/#Q(7Q/#'$%+0Q"(0#)<
6"1"'&47"%2 32+("
!"# '#1"%(0(28 "+) *##% 76008 $3.0#3#%'#, +%, '#)'#, $% ./#10$%$1+0 '#)') $% +%$3+0 3(,#0)< !"# ./#)#%'
.+'#%' /#./#)#%') '"# ./$3+/8 (%# (7 + 106)'#/ '"+' $%106,#) .+'#%') %< PnOp +%, Po>h9 4"$1" 20(*+008
./('#1' $%&#%'$(%) /#0+'$%2 '( '"# '#1"%(0(2$#) 7(/ 0+)#/-$%,61#, )6'6/$%2 (7 (160+/ '$))6#)<
!52'"
B.'$1+0 7$*#/ 0+)#/Q,#&$1# 7(/ (160+/ )6'6/$%2<
J#7<QAIJQIS[Y
0B32-+#2
E 3#'"(, 7(/ )6'6/$%2 '"# 0#%) 1+.)60# (7 '"# #8# $% '"# #&#%' (7 +11$,#%'+0 /6.'6/# '"#/#(7 (/ '( 1/#+'#
+ &+0&# +%,:(/ '( 10()# + 1+.)60(/"#5$) *8 3#+%) (7 0+)#/-$%,61#, 4#0,$%2 (%'( '"# 1+.)60#@) )6/7+1# (7 +
70+. (7 *$(1(3.+'$*0# *$(0(2$1+0 '$))6# ./#.+/#, )( +) '( *# (.'$1+008 +*)(/*#%' +' '"# 4+&#0#%2'" (7 '"#
0+)#/ *#$%2 6)#, 7(/ '"# 4#0,$%2< !"# 3#'"(, $) )6$'+*0# 7(/ 6)# $% '"# )(-1+00#, g"+1(-G/)+D (/ \0#%)
/#7$00$%2] (."'"+03$1 )6/2#/8< !"# 4#0,$%2 $) ,(%# 6)$%2 + 0+)#/ ,#&$1# '"+' 1(3./$)#) (7 + 0+)#/ 2#%#/+'(/
+%, + 7$*#/(.'$1 )8)'#3 7(/ 1(%&#8$%2 '"# 0+)#/ *#+39 1(3.0#'# 4$'" +% +..0$1+'(/ "+%,.$#1# )6$'+*0# 7(/
6)# $% 4#0,$%2 )+$, 70+.) (%'( '"# 0#%) 1+.)60# $% + 0$V6$, #%&$/(%3#%'< !"# "+%,.$#1# $) )"+.#, )( +) '(
#5#/' + 3(,#/+'# ./#))6/# (% '"# '$))6#) '( *# 4#0,#, 4$'" '"# 7/## #%, (7 '"# (.'$1+0 7$*#/<
0335(%"" 839:;<=>?;0ERT;H-+2&
<=>;C%3252.2":;CX0<
D+5% C%1"%2&-:;>&B"-2&;H5%5
<&.%2-5"3:;@E0?;X>?;6G?;C!?;@F?;C>R?;;<]
H-5&-52) /+2":;UJKJLKMJJW
; ; ; ; ; ;
17
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 3#'(,( ./#&#,# 0@$3.$#2( ,$ 0#3*$ ,$ '#))6'( *$(0(2$1( ,+ 1(0(/+/# 1(% 1/(3(7(/( *$(1(3.+'$*$0#9
+..0$1+/# # )+0,+/# $% 1(//$).(%,#%D+ ,$ 6%+ ,$)1(%'$%6$'T ( 6%+ .#/7(/+D$(%# ./#)#%'# )600+ 1+.)60+ ,#0
1/$)'+00$%( '/+3$'# )+0,+'6/+ 0+)#/-$%,(''+< a@+..+/#11"$+'6/+ 1(3./#%,# 6% 0+)#/ + ,$(,( +, E0d+E)
K#3$))$(%# + oPO %39 .('#%D+ ,$ O<i-P<O eM 1(% '/+)3$))$(%# + 7$*/+ (''$1+ #, 6% 3+%$.(0( +..0$1+'(/#<
*+#,(-&.%/
a@$%&#%D$(%# /$26+/,+ $% 2#%#/+0# $0 )#''(/# ,#00# '#1%$1"# ,$ )+0,+'6/+ 0+)#/ ,$ '#))6'$ *$(0(2$1$ # 0+ )6+
+..0$1+D$(%# +00+ 1"$/6/2$+ (160$)'$1+9 $% ).#1$+0 3(,( .#/ 0+ )6'6/+9 0+ /$.+/+D$(%# # 0+ )$2$00+'6/+ ,$ )'/6''6/#
(160+/$< f%( ,#$ ./(*0#3$ +%1(/+ +.#/'$ $% 1"$/6/2$+ (160$)'$1+ U /+../#)#%'+'( ,+00+ /$.+/+D$(%# ,#00+ 1+.)60+
1"# 1(%'$#%# $0 1/$)'+00$%(9 .($1"l9 #))#%,( 0+ .+/#'# ,$ '+0# 1+.)60+ #)'/#3+3#%'# )(''$0# KPO 3$1/(3#'/$M #
3(0'( '#%)$(%+'+9 %(% .())(%( #))#/# +..0$1+'$ $ .6%'$ ,$ )6'6/+ '/+,$D$(%+0$<
N+%2+((5;";044'5#+O5&%5
=0 3#'(,( /$)(0&# $0 ./(*0#3+ ,#00+ )6'6/+ ,#00+ 1+.)60+ ,#0 1/$)'+00$%( # .6` #))#/# +..0$1+'( %#00# ./(1#,6/#
,$ u0#%) /#7$00$%2v +..0$1+*$0$ $% $%'#/&#%'$ ,$ 1+'+/+''+ # .#/ /$)(0&#/# 0+ ./#)*$(.$+< =%(0'/# .6` '/(&+/#
&+%'+22$()+ +..0$1+D$(%# .#/ $0 7$))+22$( ,$ ./('#)$ 1(/%#+0$ ( $%'/+(160+/$9 1(3# 0#%'$ + 1(%'+''(9 0#%'$
$%'/+(160+/$9 %(%1"l .#/ $0 1(%'#%$3#%'( ,$ ,$)'+11"$ /#'$%$1$ # .#/ 0+ 1"$6)6/+ ,$ 7(/$ /#'$%$1$<
E2+/5&;/5;E15'.44&
a+ '#1%(0(2$+ U )'+'+ 1(3.0#'+3#%'# /#+0$DD+'+ # '#)'+'+ $% '#)' ./#10$%$1$ )6 3(,#00( +%$3+0#< =0 ./#)#%'#
*/#&#''( /+../#)#%'+ $0 ./$%1$.+0# ,$ 6% 106)'#/ 1"# $%106,# $ */#&#''$ %< PnOp # Po>h9 1"# 20(*+03#%'#
./('#22(%( 0# $%&#%D$(%$ /#0+'$&# +00# '#1%(0(2$# .#/ 0+ )6'6/+ 0+)#/-$%,(''+ ,$ '#))6'$ (160+/$<
!52&'&
Y$).()$'$&( 0+)#/ + 7$*/+ (''$1+ .#/ 0+ )6'6/+ (160+/#<
J$7<QAIJQIS[Y
0B32-+#2
f% 3#'(,( .#/ )6'6/+/# 0+ 1+.)60+ ,#0 1/$)'+00$%( (160+/# %#0 1+)( ,$ /(''6/# +11$,#%'+0$ ,$ #))+ ( .#/
/#+0$DD+/# 6%+ &+0&(0+ #:( 0+ 1"$6)6/+ ,$ 6%+ /"#5$ 1+.)60+/# '/+3$'# )+0,+'6/+ 0+)#/-$%,(''+ )600+
)6.#/7$1$# 1+.)60+/# ,$ 0#3*$ ,$ '#))6'$ *$(0(2$1$ *$(1(3.+'$*$0$ ./#.+/+'$ $% 3(,( ,+ /$)60'+/#
(''$1+3#%'# +))(/*#%'$ +00+ 06%2"#DD+ ,@(%,+ ,#0 0+)#/ $3.$#2+'( .#/ 0+ )+0,+'6/+< =0 3#'(,( U 6'$0$DD+*$0#
%#00+ '#1%$1+ ,$ 1"$/6/2$+ (160$)'$1+ ,#''+ g"+1(-G/)+D ( \0#%) /#7$00$%2]< g#/ 0@#)#16D$(%# ,#00+ )+0,+'6/+
&$#%# $3.$#2+'( 6% ,$).()$'$&( 0+)#/ 1(3./#%,#%'# 6% 2#%#/+'(/# 0+)#/ #, 6% )$)'#3+ + 7$*/+ (''$1+ .#/ $0
'/+).(/'( ,#00+ /+,$+D$(%# 0+)#/ ,('+'( ,$ 6% 3+%$.(0( +..0$1+'(/# +''( +, #)#26$/# 0+ )+0,+'6/+ ,$ ,#''$
0#3*$ )600+ 1+.)60+ ,#0 1/$)'+00$%( $% +3*$#%'# 0$V6$,(< =0 3+%$.(0( U 1(%7(/3+'( $% 3(,( ,+ #)#/1$'+/#
6%+ 3(,#/+'+ ./#))$(%# )6$ '#))6'$ ,+ )+0,+/# 1(% 0@#)'/#3$'T 0$*#/+ ,#00+ 7$*/+ (''$1+<
!52&'+-";859:;<=>?;0ERT;H-+2&
C3252.2&:;CX0<
C%1"%2&-";/5;-5A"-57"%2&:;>&B"-2&;H5%5
!"--52&-5;/5;15("%O+:;@E0?;X>?;6G?;C!?;@F?;C>R?;<]
6+2+;/5;4-5&-52P:;UJKJLKMJJW
; ; ; ; ; ; ; ; ; ;
18
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# fER $) #V6$..#, 4$'" + 2+33+ /+8 ).#1'/(3#'#/ '"+' +00(4) '( 0(1+'# +%, $,#%'$78 /+,$(+1'$&# )(6/1#)
+%, $) ,/$&#% *8 3#+%) (7 + "+.'$1 $%'#/7+1# '"+' +00(4) '( V6$1;08 0(1+'# )(6/1#) #&#% 7(/ 6%);$00#,
(.#/+'(/<
*+#,(-&.%/
!"# 6)# (7 +6'(%(3(6) +$/1/+7' '( )#+/1" 7(/ /+,$(+1'$&# )(6/1#) "+) *##% ./(.()#, $% '"# .+)' #5106)$&#08
$% $%,((/ +..0$1+'$(%)9 4$'"(6' 1(%)$,#/$%2 '"# .())$*$0$'8 (7 $%'#2/+'$%2 )6..(/') 7(/ '#0#(.#/+'$(% 4$'"
"+.'$1 $%'#/7+1#)< B% '"# ('"#/ "+%,9 '"# 6)# (7 "+.'$1 $%'#/7+1#) 4$'" 7(/1# 7##,*+1; 7(/ '"# 1(%'/(0 (7
+6'(%(3(6) +$/1/+7' "+) *##% #5106)$&#08 #5.#/$#%1#, '( +&($, (*)'+10#) (/ '( )$2%+0 '"# ,#&$+'$(% (7 '"#
16//#%' .()$'$(% (7 '"# +$/1/+7' 4$'" /#).#1' '( '"# ,#)$/#, .()$'$(%<
0/1+%2+("3 +%/;044'5#+25&%3
!"#Q+*$0$'8 '( 1(%,61' +Q)+7# +%,Q#77$1$#%' #%&$/(%3#%'+0 ,#'#1'$(%Q'"/(62" +6'(%(3(6) +$/1/+7'9Q$%Q+/#+)
'"+' 4(60, ('"#/4$)# *# ,+%2#/(6) '( "63+%) 7(/ '"#Q./#)#%1# (7 /+,$(+1'$&# )(6/1#)9Q.())#))#) )$2%$7$1+%'
.('#%'$+0 7(/ +..0$1+'$(%<Q=%Q+,,$'$(%9Q'"#Q"+.'$1 6)#/ $%'#/7+1#Q+00(4) '( 0(1+'#Q'"#Q/+,$(+1'$&# )(6/1#QV6$1;08
(&#/1(3$%2 '"#Q$%"#/#%' 0$3$' (7 fER)9Q%+3#08 '"#$/ 0$3$'#, #%#/28 $%,#.#%,#%1#<
6"1"'&47"%2 32+("
EQ76008 (.#/+'$%2 ./('('8.# "+) *##% /#+0$D#, +%,Q+0/#+,8 '#)'#, 6%,#/Q/#+0$)'$1 (.#/+'$%2 1(%,$'$(%)<
!52'"
E )8)'#3 +%, /#0+'#, 3#'"(, 7(/ '"# ,#'#1'$(% (7
.(006'$%2 )6*)'+%1#) *8 3#+%) (7 + &#"$10# ,/$&#%
/#3('#08 *8 + 1(%'/(0 "+.'$1 ,#&$1#<
J#7<QAIJQIJTI[
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#7#/) '( + 3#'"(, 7(/ '"# ,#'#1'$(% +%, 0(1+0$D+'$(% (% '"# 2/(6%, (7 /+,$(+1'$&#
)6*)'+%1#)< !"# 3#'"(, $) *+)#, (% '"# 6)# (7 + )3+00 6%3+%%#, +$/1/+7' KfER - f%3+%%#, E#/$+0
R#"$10#9 (/ +$/ &#"$10# 4$'"(6' + .$0(' (% *(+/,9 )(3#'$3#) +0)( /#7#//#, '( +) w,/(%#wM #V6$..#, 4$'" +
)6$'+*0# )(0$,-)'+'# )#%)(/ 1+.+*0# (7 ,#'#1'$%2 /+,$(+1'$&# )(6/1#) +%, ./(&$,$%2 + )$2%+0 4"()#
$%'#%)$'8 ,#.#%,) (% '"# $%'#%)$'8 (7 '"# /+,$+'$(% +%, '"# ,$)'+%1# 7/(3 '"# #3$''$%2 )(6/1#< !"#
+$/1/+7' $) '#0#(.#/+'#, *8 +% (.#/+'(/ (% '"# 2/(6%, '"/(62" + "+.'$1 $%'#/7+1# 4$'" +' 0#+)' '"/##
,#2/##) (7 7/##,(3 (7 '/+%)0+'$(%9 (/ *8 3#+%) (7 + ,#&$1# K^(8)'$1; $3.0#3#%'#,M 4"$1" +00(4) '(
$3.+/' 3('$(% 1(33+%,) +%, /#1#$&# )#%)+'$(%) (7 )'/#%2'"< =% '"# ./(.()#, )8)'#3 '"# "+.'$1
$%'#/7+1# $) 6)#, *8 +% (.#/+'(/ '( $3.+/' 3('$(% 1(33+%,) '( '"# +$/1/+7'9 4"$0# '"# ,#&$1# $)
./(2/+33#, '( /#'6/% '( '"# (.#/+'(/ + 7(/1# )#%)+'$(%) *+)#, (% '"# ,#'#1'(/ )$2%+0<
0335(%"" 839:;<=>?;@%51"-352) &A;H+-7+
<=>;C%3252.2":;CDGD
D+5% C%1"%2&-:;0%/-"+;^+44"225%5
<&.%2-5"3:;C!?;@E
H-5&-52) /+2":;M[KJ[KMJIW
6 ; ; ; ; ; ;
19
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 fER U #V6$.+22$+'( 1(% 6%( ).#''/(3#'/( .#/ /+22$ 2+33+ 1"# .#/3#''# ,$ 0(1+0$DD+/# #, $,#%'$7$1+/#
)(/2#%'$ /+,$(+''$&# #, U .$0('+'( 3#,$+%'# 6%@$%'#/7+11$+ +.'$1+ 1"# .#/3#''# 6%+ /+.$,+ 0(1+0$DD+D$(%#
,#00# )(/2#%'$ +%1"# .#/ 6% (.#/+'(/# %(% #).#/'(<
*+#,(-&.%/
a@6'$0$DD( ,$ &#0$&(0$ +6'(%(3$ .#/ 0+ /$1#/1+ ,$ )(/2#%'$ /+,$(+''$&# U )'+'( ./(.()'( $% .+))+'(
#)106)$&+3#%'# $% +..0$1+D$(%$ $%,((/9 )#%D+ 1(%)$,#/+/# 0+ .())$*$0$'T ,$ $%'#2/+/# )6..(/'$ .#/ 0+
'#0#(.#/+D$(%# 1(% $%'#/7+11# +.'$1"#< Y@+0'/+ .+/'#9 0@6)( ,$ $%'#/7+11# +.'$1"# 1(% /$'(/%( ,$ 7(/D+ .#/ $0
1(%'/(00( ,$ &#0$&(0$ +6'(%(3$ U )'+'( ).#/$3#%'+'( #)106)$&+3#%'# .#/ #&$'+/# ()'+1(0$ (..6/# .#/ )#2%+0+/#
+00@(.#/+'(/# 0+ ,#&$+D$(%# ,#00@+''6+0# .()$D$(%# ,#0 &#0$&(0( /$).#''( +00+ .()$D$(%# ,#)$,#/+'+<
N+%2+((5 " 044'5#+O5&%5
a+ .())$*$0$'T ,$ 1(%,6//# 6%+ /$0#&+D$(%# +3*$#%'+0# )$16/+ #, #77$1$#%'# 3#,$+%'# 6% &#0$&(0( +6'(%(3(9 $%
+/## 1"# /$)60'#/#**#/( +0'/$3#%'$ .#/$1(0()# .#/ 0@6(3( .#/ 0@#&#%'6+0# ./#)#%D+ ,$ )(/2#%'$ /+,$(+''$&#9
.())$#,# )$2%$7$1+'$&# .('#%D$+0$'T ,$ +..0$1+D$(%#< =%(0'/# 0@6)( ,#00@$%'#/7+11$+ +.'$1+ .#/3#''# ,$ 0(1+0$DD+/#
&#0(1#3#%'# 0+ )(/2#%'# /+,$(+''$&+ )6.#/+%,( $0 0$3$'# $%'/$%)#1( ,#20$ fER9 1$(U 0+ 0(/( )1+/)+ +6'(%(3$+
#%#/2#'$1+<
E2+/5& /5 E15'.44&
G@ )'+'( /#+0$DD+'( 6% ./('('$.( $%'#/+3#%'# 76%D$(%+%'# 1"# U 2$T )'+'( '#)'+'( $% )$'6+D$(%$ (.#/+'$&#
/#+0$)'$1"#<
!52&'&
f% )$)'#3+ # /#0+'$&( 3#'(,( .#/ 0+ /$0#&+D$(%# ,$
)()'+%D# $%V6$%+%'$ 3#,$+%'# 6% &#$1(0( .$0('+'( ,+
/#3('( ,+ 6% ,$).()$'$&( +.'$1( ,$ 1(3+%,(<
J$7<QAIJQIJTI[
0B32-+#2
a+ ./#)#%'# $%&#%D$(%# "+ .#/ (22#''( 6% 3#'(,( .#/ 0+ /$0#&+D$(%# # 0+ 0(1+0$DD+D$(%# +0 )6(0( ,$
)()'+%D# /+,$(+''$&# *+)+'( )600@6'$0$DD( ,$ 6% .$11(0( &#0$&(0( + .$0('+22$( /#3('( KfER - f%3+%%#,
E#/$+0 R#"$10#9 (&&#/( &#$1(0( +#/#( ./$&( ,$ .$0('+ + *(/,(9 '+0&(0'+ $%,$1+'( +%1"# 1(3# \,/(%#]M
#V6$.+22$+'( 1(% 6% (..(/'6%( )#%)(/# +00( )'+'( )(0$,( $% 2/+,( ,$ /$0#&+/# 7(%'$ /+,$(+''$&# $% 76%D$(%#
,#00+ $%'#%)$'T ,#00+ /+,$+D$(%# # ,#00+ ,$)'+%D+ ,+00+ )(/2#%'# #3$''#%'#< =0 &#0$&(0( U '#0#(.#/+'( ,+ 6%
(.#/+'(/# + '#//+ +''/+&#/)( 6%+ $%'#/7+11$+ +.'$1+ 1(% +03#%( '/# 2/+,$ ,$ 0$*#/'T ,$ '/+)0+D$(%#9 (&&#/(
3#,$+%'# 6% ,$).()$'$&( K^(8)'$1; +''6+'(M 1"# .#/3#''# ,$ $3.+/'$/# 1(3+%,$ ,$ 3(&$3#%'( # ,$ /$1#&#/#
,#00# )#%)+D$(%$ 7(/D+< I#0 )$)'#3+ ./(.()'( 0@$%'#/7+11$+ +.'$1+ &$#%# 6'$0$DD+'+ ,+ 6% (.#/+'(/# .#/
$3.+/'$/# 1(3+%,$ ,$ 3('( +0 &#0$&(0(9 3#%'/# %#00@+0'/+ ,$/#D$(%# $0 ,$).()$'$&( U ./(2/+33+'( .#/
/#)'$'6$/# +00@(.#/+'(/# )#%)+D$(%$ ,$ 7(/D+ $% 76%D$(%# ,#0 ,+'( ,$ /+,$+D$(%# /$0#&+'(<
!52&'+-";859:;<=>?;@%51"-352P;/5;H+-7+
C3252.2&:;CDGD
C%1"%2&-";/5;-5A"-57"%2&:;0%/-"+;^+44"225%5
!"--52&-5;/5;15("%O+:;C!?;@E
6+2+;/5;4-5&-52P:;M[KJ[KMJIW
6 ; ; ; ; ; ; ; ; ; ;
20
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# ./#)#%' $%&#%'$(% 1(%)$)') (7 + ./(1#,6/# $% 4"$1" + ,$2$'+0 +%'$-'+3.#/$%2 #%1(,$%29 6%$V6#08 *(6%,
'( '"# ./(,61' +%, '"# 3+%67+1'6/#/9 $) 1(6.0#, 4$'" + 1(%'/(0 +%, 3+%+2#3#%' ./(1#))< !"$) ./(1#))
+00(4) #%,-6)#/)9 )#00#/) +%, +6'"(/$'$#) '( ^($% '"#$/ #77(/') $% 3(%$'(/$%2 +%, ,#'#1'$%2 7+;#)< Y$2$'+0
1(,$%2 +%, 1/8.'(2/+."$1 '#1"%$V6#) +/# 1(3*$%#, 4$'" + )6$'+*0# )#/&#/-)$,# 0(2$1 '( (*'+$% + ."8)$1+0
+6'"#%'$1+'$(% 1(,# KgEAM<
*+#,(-&.%/
!"# .,/0-/+ 1"*+2-+3 *#2#') '4$1# '"# ./(7$') 1(3.+/#, 4$'" '"# (/$2$%+0 ./(,61') $% '"# G6/(.#+% f%$(%
(%089 4$'" + "62# 0()) (7 /#&#%6# 7(/ (6/ *6)$%#))#) +%, (6/ 1(6%'/8< E11(/,$%2 '( )(3# )'+'$)'$1)9 '"#/#
4#/# (&#/ (%# 3$00$(% 1"#1;) $% '"# 7((, $%,6)'/8 4$'" )#&#/+0 3$00$(% .(6%,) (7 )#$D#, ./(,61')9 &+06#, +'
(&#/ )#&#/+0 "6%,/#, 3$00$(% (7 #6/(<
0/1+%2+("3 +%/ 044'5#+25&%3
!"+%;) '( gEA)9 +00 '"# ./(1#))#) (7 ./(,61'$(%9 ,$)'/$*6'$(% +%, )+0#:'/+%)+1'$(% 7(/ ,$77#/#%' '8.#) (7
./(,61') 1+% *# 1(%'/(00#, '"/(62" 4#* .0+'7(/3) +%, +..0$1+'$(%) 7(/ 3(*$0# ,#&$1#) K#<2< )3+/'."(%#M9
4$'" 361" 0(4#/ 1()') '"+% 16//#%' )(06'$(%)< !"# gEA '#1"%(0(28 1+% *# +,(.'#,9 $% .+/'$160+/9 $% '"#
./(,61'$(% +%, /#'+$0$%2 (7 "$2" V6+0$'8 7((,)9 $% (/,#/ '( ./('#1' YBg9 =dg +%, YBAd ./(,61')<
6"1"'&47"%2 32+("
=3.0#3#%'+'$(% (7 + ./((7-(7-1(%1#.' )(7'4+/# ./('('8.#<
='j) +0)( $% ./(2/#)) '"# ,#7$%$'$(% (7 + *6)$%#)) .0+% $% (/,#/ '( #)'+*0$)" + ).$%-(77 1(3.+%8 +%, 2#' '"#
%#1#))+/8 76%,) '( ,#&#0(. '"# ./('('8.# +%, $') #%2$%##/$%2 7(/ $%,6)'/$+0 6)#)<
0335(%""839:;<=>
<=>;C%3252.2":;C<0>
D+5% C%1"%2&-:;Z5&1+%%5;E#$75/
<&.%2-5"3:;C!
H-5&-52) /+2":;MIKJWKMJIT
!52'"
E 1(00+*(/+'$&#9 +%'$-1(6%'#/7#$'$%2 ./(1#,6/#<
J#7<QAIJQIJUI[
0B32-+#2
!"# #&(06'$(% (7 $%,6)'/$+0 3+%67+1'6/$%2 '#1"%$V6#)9 1(6.0#, 4$'" '"# 6)# (7 +% $%1/#+)$%2 %63*#/ (7
3+'#/$+0)9 +00(4) %(' (%08 '"# 1(%)'/61'$(% (7 3(/# +%, 3(/# 1(3.0#5 +%'$-1(6%'#/7#$'$%2 3#1"+%$)3)9
*6' +0)( '"# +*$0$'8 '( 1/#+'# &#/8 2((, 7+;#) +' +77(/,+*0# 1()') +%, /#,61#, '$3#< E) + 3+''#/ (7 7+1'9
'/+,$'$(%+0 +%'$-1(6%'#/7#$'$%2 '#1"%$V6#) +/# $%1/#+)$%208 0#)) #77#1'$&# +%, +0'#/%+'$&# )8)'#3) "+&#
*##% ./(.()#, '"+' /((') (% 1(,$%2 +%, $%7(/3+'$(%-/#0+'#, ,$2$'+0 '#1"%$V6#)< [(4#&#/9 +% +%+08)$) (7
'"#)# '#1"%$V6#) )"(4) '"# %##, (7 *#''#/ )(06'$(%) $% '#/3) (7 $3.0#3#%'+'$(% /#V6$/#3#%')9 #+)8-(7-
6)# +%, /#0$+*$0$'8< !"# .6/.()# (7 '"# ./#)#%' $%&#%'$(% $) +% +0'#/%+'$&# +../(+1" '( '"# ./(*0#3 (7
&#/$78$%2 '"# (/$2$%+0$'8 (/ +6'"#%'$1$'8 (7 + ./(,61' 4"$1" (&#/1(3#) )(3# 0$3$'+'$(%) (7 '"# 16//#%'
)'+'# (7 '"# +/'<
H
; ; ; ; ; ;
21
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
a@$%&#%D$(%# 1(%)$)'# $% 6% ./(1#))( $% 16$ )$ +**$%+ +, 6%+ 1(,$7$1+ ,$2$'+0# &$/'6+03#%'# $%+0'#/+*$0# - 1"#
1(%)#%'# ,$ $,#%'$7$1+/# ./(,(''( # ./(,6''(/# - 6%+ 7+)# ,$ 1(%'/(00( # 2#)'$(%# ,#$ 1(,$1$ #3#))$ # + 16$
1(%1(//(%( )$+ 20$ 6'$0$DD+'(/$ 7$%+0$ ,#0 ./(,(''( 1"# 20$ (/2+%$ ./#.()'$ +0 1(%'/(00(<
!#1%$1"# ,$ 1(,$7$1+ ,$2$'+0# # '#1%$1"# 1/$''(2/+7$1"# )(%( +**$%+'# +, 6%+ ).#1$7$1+ 0(2$1+ ,$ ./(1#))(9 +0
7$%# ,$ (''#%#/# 6% !"2-!$ 2- /*,$+,-!/4-"+$ 5/,$#-/0$ KgEAM<
*+#,(-&.%/
L(0( %#00jf%$(%# G6/(.#+9 0j-,/0-/+ 1"*+2-+3 2#%#/+ $0 ,(..$( ,#20$ 6'$0$ /$).#''( +$ ./(,(''$ (/$2$%+0$9 1(% 6%+
.#/,$'+ ,$ /$1+&$ #%(/3# .#/ 0# %()'/# $3./#)# # .#/ $0 %()'/( g+#)#< L#1(%,( +016%# /#1#%'$ +%+0$)$9 &$ )(%(
)'+'$ (0'/# 6% 3$0$(%# ,$ 1(%'/(00$ + 7$%$ ,$ +%'$1(%'/+77+D$(%# %#0 )(0( )#''(/# +0$3#%'+/#9 1(% ,#1$%# ,$
3$0$(%$ ,$ 1"$0$ ,$ ./(,(''$ )#V6#)'/+'$9 .#/ 6% &+0(/# ,$ ,$&#/)# 1#%'$%+$+ ,$ 3$0$(%$ ,$ #6/(<
N+%2+((5 " 044'5#+O5&%5
d/+D$# +$ gEA9 '6''$ $ ./(1#))$ ,$ ./(,6D$(%#9 ,$)'/$*6D$(%# # &#%,$'+:'/+%)+D$(%# ,$ ,$&#/)# '$.(0(2$# ,$
./(,(''$ .())(%( #))#/# 1(%'/(00+'$ '/+3$'# .$+''+7(/3# e#* #, +..0$1+D$(%$ .#/ ,$).()$'$&$ 3(*$0$ K#)<
)3+/'."(%#M 1(% 1()'$ 3(0'( .$b *+))$ ,#00# )(06D$(%$ +''6+0$< = gEA .())(%( '/(&+/# $3.$#2(9 $% .+/'$1(0+/#9
%#00j+3*$'( ,#00+ ./(,6D$(%# # ,#00+ 2/+%,# ,$)'/$*6D$(%# ,$ ./(,(''$ +0$3#%'+/$ ,$ V6+0$'T9 .#/ 0+ ./('#D$(%#
,#$ 3+/1"$ YBg9 =dg # YBAd<
E2+/5& /5 315'.44&
L(%( $% +''( )'6,$ 7$%+0$DD+'$ +00+ $3.0#3#%'+D$(%# ,$ 6% ./('('$.( )(7'4+/# + 7$%$ ,$ ,$3()'/+'(/#< Gj $%(0'/#
$% 1(/)( 0+ ,#7$%$D$(%# ,$ 6% *6)$%#)) .0+% .#/ 0+ 1()'$'6D$(%# ,$ 6%( ).$%-(77 (0'/# 1"# .#/ (''#%#/# $
7$%+%D$+3#%'$ %#1#))+/$ .#/ 0( )&$06..( ,#0 ./('('$.( # .#/ 0+ )6+ $%2#2%#/$DD+D$(%#<
!52&'+-"859:;;<=>
C3252.2&:;C<0>
C%1"%2&-";/5;-5A"-57"%2&:;Z5&1+%%5;E#$75/
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;MIKJWKMJIT
!52&'&
g/(1#,$3#%'( +%'$-1(%'/+77+D$(%# )6 *+)#Q
1(00+*(/+'$&+<
J$7<QAIJQIJUI[
0B32-+#2
a@#&(06D$(%# ,#00# '#1%$1"# ,$ 3+%$7+''6/+ $%,6)'/$+0# # 0@$3.$#2( ,$ 6% %63#/( )#3./# 3+22$(/# ,$
3+'#/$+0$ 1(%)#%'(%( ,$ /#+0$DD+/# 3#11+%$)3$ +%'$-1(%'/+77+D$(%# )#3./# .$b )(7$)'$1+'$9 3+ +%1"# ,$
#77#''6+/# + 1()'$ # '#3.$ /$,(''$ /$./(,6D$(%$ )#3./# 3#%( 7+1$03#%'# ,$)'$%26$*$0$ ,+20$ (/$2$%+0$<
g#/'+%'(9 0# '#1%$1"# '/+,$D$(%+0$ +%'$-1(%'/+77+D$(%# /$)60'+%( )#3./# 3#%( #77$1+1$ # )(%( )'+'$ ./(.()'$
)$)'#3$ +0'#/%+'$&$ 1"# )$ *+)+%( )6 '#1%$1"# ,$ '$.( ,$2$'+0#< f%@+%+0$)$ ,$ V6#)'$ 60'$3$ 3()'/+ .#/` 0+
%#1#))$'T # 0+ .())$*$0$'T ,$ )(06D$(%$ .$b #77$1+1$9 )$+ $% '#/3$%$ ,$ ./+'$1+*$0$'T $3.0#3#%'+'$&+ 1"# ,$
./+'$1$'T ,j6)( #, +77$,+*$0$'T<
L1(.( ,#00+ ./#)#%'# $%&#%D$(%# U ./(.(//# 6%+ )(06D$(%# +0'#/%+'$&+ +0 ./(*0#3+ ,#00+ &#/$7$1+
,#00@(/$2$%+0$'T ( +6'#%'$1$'T ,$ 6% ./(,(''( /$).#''( +0 1(//#%'# )'+'( ,#00+ '#1%$1+<
*
; ; ; ; ; ; ; ; ; ;
22
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"$) %#4 &+1663 3+%$.60+'$(% ,#&$1# 6)#) '"# )+3# +1'6+'$%2 )8)'#3 K&+1663 .63.M 7(/ 2/+).$%2 '"#
.+/') +%, 1(%'/(00$%2 +% $%%(&+'$&# 3#1"+%$1+0 )8)'#3 '( +))$)' '"# /#0#+)#< !"# 3#1"+%$1+0 )8)'#3 $)
$%)$,# '"# 2/$..#/ *(,8 +%, 1+% 3(&# *#'4##% '4( 3+$% .()$'$(%)9 (%# (7 4"$1" +00(4) '"# 2/+).$%2 (7 '"#
1(3.(%#%' *8 &+1663 +%, '"# ('"#/ 7(/1#) +%, $3./(&#) $') /#0#+)# +) )((% +) '"# .63. $) '6/%#, (77<
*+#,(-&.%/
R+1663 2/$..#/) +/# )$3.0#9 1"#+. +%, +00(4 '"# 3+%$.60+'$(% (7 + 0+/2# &+/$#'8 (7 1(3.(%#%') +) 0(%2 +)
'"#$/ )6/7+1# $) )3(('" +%, %(' .(/(6)< [(4#&#/9 '"# /#0#+)# 1+% *# +% $))6# )$%1#9 ,6# '( '"# )6.#/7$1$+0
7(/1#)9 '"# 1(3.(%#%') (7'#% )'$1; '( '"# 2/$..#/< !"$) /#,61# '"#$/ .())$*0# /+%2# (7 +..0$1+'$(%)< S+%8
)(06'$(%) "+&# *##% $3.0#3#%'#, )( 7+/ '( $3./(&# '"# /#0#+)# ."+)#9 )61" +) '"# 6)# (7 + )(7' *0(4 (/
+,,$'$(%+0 '((0)9 *6' '"#$/ ,/+4*+1;) 3+;# '"#3 6%)6$'+*0# $% )#&#/+0 +..0$1+'$(%)<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# ,#&$1# +00(4) '"# ./#1$)#9 /#0$+*0# +%, )+7# 3+%$.60+'$(% (7 3$1/(-.+/')9 +&($,$%2 +%8 1(%)$,#/+*0#
$%1/#+)# $% 4#$2"' %(/ #51#))$&# 1(3.0$1+'$(% (7 '"# )8)'#3< !"# ,#&$1# 1+% *# #+)$08 3(6%'#, (% + /(*(' (/
$%'#2/+'#, $% + 3+%6+0 (/ '#0#-(.#/+'#, 3+%$.60+'$(% )8)'#3< =') +..0$1+'$(%) )./#+, $% )#&#/+0 )#1'(/)
$%106,$%2 #0#1'/(%$1)9 +6'(3('$&#9 3$1/(-3#1"+%$1)9 .+1;+2$%29 '#0#1(336%$1+'$(%9 3#,$1+0 +%, *$(3#,$1+0<
6"1"'&47"%2 32+("
E ./('('8.# "+) *##% 7+*/$1+'#, +%, $) 16//#%'08 6)#, $% '"# a+*(/+'(/8 (7 S$1/(-/(*('$1) +' =!=E-AIJ<
L#&#/+0 #5.#/$3#%'+0 '#)') ./(&#, $') +*$0$'8 '( 2/+). +%, /#0#+)# 3$1/(-1(3.(%#%') (7 ,$77#/#%' )"+.#
+%, ,$3#%)$(%< !"# ./('('8.# "+) )"(4% &#/8 2((, .('#%'$+0$'$#) $% '#/3) (7 /#0$+*$0$'89 ./#1$)$(% +%,
#+)# (7 $%'#2/+'$(%<
0335(%""839:;<=>
<=>;C%3252.2":;E!CCD0;8C!C09
D+5% C%1"%2&-:;E"-"%+;>.((5"-5
<&.%2-5"3:;C!?;X>?;6G?;@F?;<]
H-5&-52) /+2":;MSKJUKMJIU
!52'"
Y#&$1# +%, 3#'"(, 7(/ '"# 3+%$.60+'$(% (7
1(3.(%#%') *+)#, (% &+1663 ./$%1$.0#<
J#7<QAIJQIJMWM
0B32-+#2
!"# 3+%$.60+'$(% (7 3$00$3#'/$1 +%, )6*-3$00$3#'/$1 1(3.(%#%') ./#)#%') )#&#/+0 $))6#)9 (7'#% %#20$2$*0#
+' '"# 3+1/(-)1+0#< =%,##,9 +' '"# 3$1/(-)1+0#9 '"# "$2" )6/7+1#-'(-&(063# /+'$( 0#+,) '( '"#
./#,(3$%+%1# (7 '"# )6.#/7$1$+0 7(/1#) K#<2< #0#1'/()'+'$19 &+% ,#/ e++0) +%, 1+.$00+/8 7(/1#)M (&#/ '"#
2/+&$'+'$(%+0 7(/1#9 '"#/#7(/# '"# 3+%$.60+'$(% (7 3$1/(-.+/') $) &#/8 1"+00#%2$%2< =% .+/'$160+/9 '"# /#0#+)#
$) + 1/$'$1+0 ."+)# (7 '"# 3+%$.60+'$(%< A(3.(%#%') (7'#% )'$1; '( '"# 2/$..#/ +%,9 )$%1# '"# 2/+&$'+'$(%+0
7(/1# ,(#) %(' (&#/1(3# '"# +,"#)$(%9 '"#$/ /#0#+)# *#1(3#) 6%1#/'+$% +%, 6%/#0$+*0#< =% '"$) 1(%'#5'9 +%
$%%(&+'$&# &+1663 3$1/(-2/$..$%2 3#'"(, +%, ,#&$1# +*0# '( 1(.# 4$'" '"# 3$1/(-.+/' /#0#+)# $))6#) 4+)
1(%1#$&#,< !"# ,#&$1# $) #77#1'$&#9 )$3.0#9 0(4-1()'9 0(4-4#$2"' +%, #+)8 '( 6)# +%, $%'#2/+'# $% +
3+%$.60+'$(% )8)'#3< =' +00(4) '( 3+%$.60+'# 3$1/(-.+/') (7 ,$77#/#%' )"+.# +%, 3+'#/$+0<
H
; ; ; ; ; ;
23
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
c6#)'( $%%(&+'$&( ,$).()$'$&( ,$ 3+%$.(0+D$(%# )7/6''+ 6% 6%$1( )$)'#3+ ,$ +''6+D$(%# K.(3.+ + &6('(M .#/
+77#//+/# $0 1(3.(%#%'# # 3(&$3#%'+/# 6% (/$2$%+0# )$)'#3+ 3#11+%$1( 1"# %# +))$)'# $0 /$0+)1$(< =0 )$)'#3+
3#11+%$1( U $%'#2/+'( %#0 1(/.( ,#0 ,$).()$'$&( # )$ 36(&# '/+ ,6# 1(%7$26/+D$(%$F 6%+ 1(%)#%'# 0+ ./#)+
'/+3$'# $0 &6('(9 3#%'/# 0@+0'/+ 7(/D+ # 3$20$(/+ $0 /$0+)1$( #, U /+22$6%'+ +..#%+ 0+ .(3.+ &$#%# ).#%'+<
*+#,(-&.%/
= ,$).()$'$&$ ,$ 3$1/(-3+%$.(0+D$(%# + &6('( )(%( ,$776)+3#%'# 6'$0$DD+'$ .#/1"l )#3.0$1$9 #1(%(3$1$ # $%
2/+,( ,$ 3+%$.(0+/# 6%+ ,$)1/#'+ 2+33+ ,$ 1(3.(%#%'$9 +%1"# 7/+2$0$9 .6/1"l 1(% )6.#/7$1$ 0$)1# # %(%
.(/()$W '6''+&$+9 /$)#%'(%( %('#&(03#%'# ,#0 ./(*0#3+ ,#0 /$0+)1$(9 1"# %(% +&&$#%# ).(%'+%#+3#%'# .#/
#77#''( ,#00+ 2/+&$'T9 0$3$'+%,(%# $0 1+3.( ,@6'$0$DD(< A$` "+ .(/'+'( +00+ 1(%1#D$(%# ,$ %6(&$ #).#,$#%'$ .#/ $0
/$0+)1$(9 V6+0$ 0@6'$0$DD( ,$ .$11(0$ )(77$ ( )'/63#%'$ +6)$0$+/$9 3+ 1(% &+/$# 0$3$'+D$(%$<
N+%2+((5 " 044'5#+O5&%5
=0 ,$).()$'$&( .#/3#''# 0+ 3+%$.(0+D$(%# ./#1$)+9 +77$,+*$0# # )$16/+ ,$ 3$1/(-1(3.(%#%'$ # %(% 1(3.(/'+ 6%
1(%)$,#/#&(0# +63#%'( ,$ .#)( ( 1(3.0#))$'T ,#0 )$)'#3+ ,$ 3+%$.(0+D$(%#< =0 ,$).()$'$&( .6` #))#/#
3(%'+'( )6 6% /(*(' ( $%'#2/+'( $% 6% )$)'#3+ ,$ 3+%$.(0+D$(%# 3+%6+0# # '/(&+ +..0$1+D$(%# $% &+/$ )#''(/$9
V6+0$F #0#''/(%$1+9 +6'(3('$&#9 3$1/(3#11+%$1+9 .+1;+2$%29 '#0#1(36%$1+D$(%$9 3#,$1+0# # *$(3#,$1+0#<
E2+/5& /5 315'.44&
x )'+'( /#+0$DD+'( 6% ./('('$.( ,#0 ,$).()$'$&(9 +''6+03#%'# $% 6)( %#0 a+*(/+'(/$( ,$ S$1/(-/(*('$1+ ,$ =!=E-
AIJ< L(%( )'+'# #)#26$'# ./(&# ).#/$3#%'+0$ ./#0$3$%+/$ ,$ ./#)+ # /$0+)1$( ,$ 3$1/(-.+/'$ ,$ 7(/3+ #
,$3#%)$(%# ,$&#/)#9 ,+00# V6+0$ )(%( #3#/)# 0# .('#%D$+0$'T ,#0 ./('('$.( $% '#/3$%$ ,$ +77$,+*$0$'T9
./#1$)$(%# # 7+1$0$'T ,$ $%'#2/+D$(%# %#0 )$)'#3+<
!52&'+-"859:;;<=>
C3252.2&:;E!CCD0;8C!C09
C%1"%2&-";/5;-5A"-57"%2&:;E"-"%+;>.((5"-5
!"--52&-5;/5;15("%O+:;C!?;X>?;6G?;@F?;<]
6+2+;/5;4-5&-52P:;MSKJUKMJIU
!52&'&
Y$).()$'$&( ,$ 3+%$.(0+D$(%# # 3#'(,( .#/
3+%$.(0+/# + &6('( 6% 1(3.(%#%'#<
J$7<QAIJQIJMWM
0B32-+#2
a+ 3+%$.(0+D$(%# ,$ 1(3.(%#%'$ 3$00$3#'/$1$ # )6*-3$00$3#'/$1$ .6` ./#)#%'+/# ,#00# ./(*0#3+'$1"#
)(0$'+3#%'# %(% ())#/&+*$0$ .#/ 1(3.(%#%'$ ,$ ,$3#%)$(%$ 3+22$(/$< =%7+''$9 + 1+6)+ ,#00# ,$3#%)$(%$
/$,(''#9 $0 /+..(/'( '/+ )6.#/7$1$# # &(063# +63#%'+ +0 .6%'( 1"# 0# 7(/D# ,$ +,#)$(%# )6.#/7$1$+0#
,$&#%'+%( ./#,(3$%+%'$ /$).#''( +00+ 7(/D+ ,$ 2/+&$'T9 /#%,#%,( 0+ 3+%$.(0+D$(%# 1(3.0$1+'+ #
$3./#&#,$*$0#< =0 /$0+)1$( ,#$ 1(3.(%#%'$ ,$&#%'+ .+/'$1(0+/3#%'# 1/$'$1(9 $%1#/'( # $%+77$,+*$0#9 .($1"l #))$
'#%,(%( + /$3+%#/# +''+11+'$ +0 ,$).()$'$&( ,$ 3+%$.(0+D$(%#9 %(% #))#%,( $0 0(/( .#)( )677$1$#%'# + &$%1#/#
0# 7(/D# ,$ +,#)$(%# '/+ 0# )6.#/7$1$ + 1(%'+''(< =0 %6(&( ,$).()$'$&( ./(.()'( .#/3#''# ,$ (''#%#/# 6%
/$0+)1$( 1(%'/(00+'( # ./#1$)( ,$ 3$1/(-1(3.(%#%'$< =%(0'/#9 $0 ,$).()$'$&( U )'+'( ./(2#''+'( .#/ #))#/#
#77$1+1#9 )#3.0$1#9 0#22#/(9 #1(%(3$1( # 7+1$03#%'# $%'#2/+*$0# $% 6% )$)'#3+ ,$ 3+%$.(0+D$(%#<
*
; ; ; ; ; ; ; ; ; ;
24
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# '#1"%(0(28 6)#)9 4$'" + )$3.0# ,#&$1#9 + %#4 "8,/+60$1 )8)'#3 #V6$..#, 4$'" '4( ,(6*0# +1'$(% ^+1;)<
!"# ^+1;)9 1(%%#1'#, '( '"# 3+$% +%, )#1(%,+/8 7/+3#) (7 '"# 3+1"$%#9 +00(4 7(/ '"# 0(4#/$%2 (7 '"# +50#
#V6$..#, 4$'" 4"##0)9 4"$1"9 6.(% /#+1"$%2 '"# 2/(6%,9 ./(&$,#) + )#16/# )6..(/' 4$'" '"# 0$7'$%2 (7 '"#
'/+1'(/ 1(%%#1'#, '( '"# 3+1"$%#<
*+#,(-&.%/
!"# 3+$%'#%+%1# (/ /#.+$/ (7 +2/$160'6/+0 '/+1'(/) /#V6$/#) '"# /#3(&+0 (7 '"# /#+/ 4"##0) ,6# '( '"#
0(1+'$(% (7 '"# 1(3.(%#%') *#0(4 '"# ,/$&#/@) 1+*$%9 3+;$%2 $' ,$77$160' '( 3+%+2# '"# '/+1'(/ $')#07< !"$)
,$77$160'8 $) +0)( #%1(6%'#/#, ,6/$%2 '"# 4+)"$%2 (7 '"# 3#1"+%$1+0 +%, #0#1'/(%$1 .+/')<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# 3+$% +,&+%'+2# $) + 1(%)$,#/+*0# /#,61'$(% $% '"# 3+$%'#%+%1# +%, /#.+$/ '$3#) 7(/ '/+1'(/)< E' '"#
)+3# '$3#9 '"#/# $) +0)( '"# .())$*$0$'8 (7 3(&$%2 '"# ,$)3+%'0#, '/+1'(/ 7/(3 (%# 4(/;)'+'$(% '( +%('"#/
4$'"(6' '"# /#V6$/#3#%' 7(/ 1+//$+2#) (/ 0$7'$%2 #V6$.3#%' $% 2#%#/+0<
6"1"'&47"%2 32+("
!"# $%&#%'$(%9 $%$'$+008 /#+0$D#, $% + )$%20# 76008 76%1'$(%+0 ./('('8.#9 "+) *##% 1(3.0#'#08 #%2$%##/#, +%,
"+) %(4 .+))#, '( '"# ./(,61'$(% ."+)# $% )#/$#) 4$'" '"# )6*)#V6#%' 3+/;#'$%2 (7 '"# ./(,61'<
0335(%""839:;;<=>?;0Z>C=_>6;3\-\'\
<=>;C%3252.2":;CD0D_!G>
D+5% 5%1"%2&-:;D+-#&;6"'7+32-&
<&.%2-5"3:;C!
H-5&-52) /+2":;JUKJLKMJIY
!52'"
GV6$.3#%'Q7(/Q0$7'$%2Q&#"$10#)9Q$%Q.+/'$160+/Q
+2/$160'6/+0Q'/+1'(/)<
J#7<QAIJQIJWWU
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#7#/#) '( + ,#&$1# '( *# $%)'+00#, *#"$%, '"# '/+1'(/ *#7(/# .#/7(/3$%2
3+$%'#%+%1# (/ /#.+$/ (.#/+'$(%)<
!"# ,#&$1# +00(4) 7(/ '"# '/+1'(/ '( *# 0$7'#, )+7#08 7/(3 *#"$%, 7(/ /#3(&+0 (7 '"# /#+/ 4"##0)9 '"6)
+00(4$%2 7/## +11#)) '( '"# 3+$% 3#1"+%$1+0 +%, #0#1'/(%$1 1(3.(%#%')9 6)6+008 $%)'+00#, *#0(4 '"#
1(%'/(0 1+*$% (7 '"# '/+1'(/<
!"# ).#1$+0 )"+.# (7 '"# */+1;#') (7 '"# .+'#%'#, ,#&$1# 1(%%#1'#, '( '"# '/+1'(/ +0)( +00(4) 7(/ '"#
'#)'$%2 (7 +00 3(&#3#%') (7 '"# /#+/ 0$7'$%2 )8)'#3 +%, "8,/+60$1 (6'0#')<
H
; ; ; ; ; ;
25
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
a+ '#1%(0(2$+ 6'$0$DD+'+9 ,$ )#3.0$1# 1(%1#D$(%#9 ./#&#,# 0@6'$0$DD( ,$ 6% $3.$+%'( $,/+60$1( ,('+'( ,$ ,6#
3+/'$%#''$ + ,(..$( #77#''(< = 3+/'$%#''$9 1(00#2+'$ +0 '#0+$( ./$%1$.+0# # )#1(%,+/$( ,#00+ 3+11"$%+9
.#/3#''(%( V6$%,$ 0@+**+))+3#%'( ,#00@+))+0# ,('+'( ,$ /6('# $0 V6+0#9 6%+ &(0'+ /+22$6%'( $0 '#//#%(9
.#/3#''# 6% )$16/( +..(22$( 1(% $0 1(%)#26#%'# )(00#&+3#%'( ,#00+ '/+''/$1# 1(00#2+'+ +00+ 3+11"$%+<
*+#,(-&.%/
d0$ $%'#/&#%'$ ,$ 3+%6'#%D$(%# ( ,$ /$.+/+D$(%# ,#00# '/+''/$1$ +2/$1(0# /$1"$#,(%(9 .#/ 3('$&$ 0#2+'$
+00@6*$1+D$(%# ,#$ 1(3.(%#%'$ +0 ,$ )(''( ,#00+ 1+*$%+ ,$ 26$,+9 0+ /$3(D$(%# ,#00# /6('# .()'#/$(/$ 1(% 0+
1(%)#26#%'# ,$77$1(0'T ,$ 3(&$3#%'+D$(%# ,#00+ '/+''/$1# )'#))+<
!+0# ,$77$1(0'T &$#%# /$)1(%'/+'+ +%1"# ,6/+%'# $0 0+&+22$( +116/+'( ,#00# .+/'$ 3#11+%$1"# #, #0#''/(%$1"#<
N+%2+((5 " 044'5#+O5&%5
g/$%1$.+0# &+%'+22$( U 6%+ )#%)$*$0# /$,6D$(%# ,#$ '#3.$ ,$ ./#.+/+D$(%# ,#00+ '/+''/$1# +20$ $%'#/&#%'$ ,$
3+%6'#%D$(%# ( /$.+/+D$(%#< g+/+00#0+3#%'# %+)1# +%1"# 0+ .())$*$0$'T ,$ ).()'+/# 0+ '/+''/$1# )3(%'+'+ ,+
6%+ .()'+D$(%# ,$ 0+&(/( +00@+0'/+ )#%D+ 0@+6)$0$( ,$ 1+//$.(%'# ( #0#3#%'$ ,$ )(00#&+3#%'( $% 2#%#/#<
E2+/5&;/5;E15'.44&
a@$%&#%D$(%#9 $%$D$+03#%'# /#+0$DD+'+ $% 6% 6%$1( ./('('$.( 1(3.0#'+3#%'# 76%D$(%+%'#9 U )'+'+
'('+03#%'# $%2#2%#/$DD+'+9 .+))+%,( V6$%,$ +00+ 7+)# ./(,6''$&+ $% )#/$# #, +00+ 1(%)#26#%'#
1(33#/1$+0$DD+D$(%# ,#0 ./(,(''(<
!52&'+-";859: <=>?;0Z>C=_>6;3\-\'\
C3252.2&:;CD0D_!G>
C%1"%2&-";/5;-5A"-57"%2&:;D+-#&;6"'7+32-&
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;JUKJLKMJIY
!52&'&
E..+/#11"$+'6/+Q.#/Q$0Q)(00#&+3#%'(Q,$Q&#$1(0$9Q$%Q
.+/'$1(0+/#Q,$Q'/+''/$1$Q+2/$1(0#<Q
J$7<QAIJQIJWWU
0B32-+#2
a+ ./#)#%'# $%&#%D$(%# /$26+/,+ 6% ,$).()$'$&( ,+ $%)'+00+/# .()'#/$(/3#%'# +00+ '/+''/$1# ./$3+ ,$
1(3.$#/# 0# (.#/+D$(%$ ,$ 3+%6'#%D$(%# ( /$.+/+D$(%#<
=0 ,$).()$'$&( .#/3#''# ,$ )(00#&+/# $% )$16/#DD+ 0+ '/+''/$1# +2/$1(0+ %#00+ )6+ .+/'# /#'/()'+%'#
.#/3#''#%,( V6$%,$ 0+ /$3(D$(%# )$16/+ #, #/2(%(3$1+ ,#00# /6('# .()'#/$(/$ # $0 0$*#/( +11#))( +$
./$%1$.+0$ 1(3.(%#%'$9 3#11+%$1$ #, #0#''/(%$1$9 )(0$'+3#%'# $%)'+00+'$ +0 ,$ )(''( ,#00+ 1+*$%+ ,$ 1(3+%,(
,#00+ '/+''/$1# )'#))+<
a+ .+/'$1(0+/# 7(/3+ )+2(3+'+ ,#00# )'+77# ,$ 1(00#2+3#%'( ,#0 ,$).()$'$&( +00+ '/+''/$1# .#/3#''#9 $%(0'/#9
0+ 0$*#/'T ,$ 1(00+6,( ,$ '6''$ $ 3(&$3#%'$ ,#0 )$)'#3+ ,$ )(00#&+3#%'( .()'#/$(/# # ,#00# ./#)# $,/+60$1"#<
*
; ; ; ;;";!"#%&'&(5";4"-;'QG%"-(5+;";5;!-+34&-25
26
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# 1(/# 3#1"+%$)3 (7 '"# ^($%' $) + 1$/160+/ 70#56/+0 )./$%2 +0(%2 4"$1" + .$% #5#/'$%2 + 7(/1# 1+% )0$,#<
!"# &+/$+'$(% (7 '"# 0#%2'" (7 '"# *#%,#, )./$%29 (*'+$%#, *8 /('+'$%2 '"# )./$%2 +/(6%, $') 1#%'#/9 +00(4)
'( 3(,$78 '"# '(/)$(%+0 )'$77%#)) (7 '"# (6'.6' )"+7'< !"# ,#&$1# ,#1(6.0#) '"# /#260+'$(% (7 '"# ^($%'
)'$77%#)) +%, $') #V6$0$*/$63 1(%7$26/+'$(% *8 + ,$77#/#%'$+0 3#1"+%$)3<
*+#,(-&.%/
!"# $%'#%)# /#)#+/1" +1'$&$'8 1+//$#, (6' $% '"# 0+)' 8#+/) (% + 20(*+0 0#&#0 "+) )"(4% "(4 '"# 6)# (7 RLE $%
"63+%-/(*(' 1(00+*(/+'$(% )1#%+/$() 1+% *# .+/'$160+/08 +,&+%'+2#(6)< Y#).$'# '"# $3.(/'+%' /#)#+/1"#)
1(%,61'#, )( 7+/9 '"# ./(,61') +&+$0+*0# (% '"# 3+/;#' '(,+8 +/# $% 3+%8 1+)#) 6%)6$'+*0# '( 3##' '"#
/#V6$/#3#%') $% '#/3) (7 1(6.0#)9 +%260+/ 3(&#3#%')9 .(/'+*$0$'89 3(,60+/$'89 #%#/28 #77$1$#%18 +%,
1(3.+1'%#))9 /#V6$/#, '( +00(4 + /#+0 ,$776)$(% +%, 1(33#/1$+0$D+'$(% (% + 0+/2# )1+0#<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# $%&#%'$(% $) #V6$..#, 4$'" 7#+'6/#) 1(%)$,#/#, $3.(/'+%' 7(/ + &+/$+*0# )'$77%#)) +1'6+'(/)F +%
6%0$3$'#, /('+'$(%+0 /+%2# (7 3('$(% +00(4$%2 1(%'$%6(6) 3(&#3#%')W +,^6)'3#%' (7 '"# )'$77%#)) '"+'
(116/) 4$'" /#,61#, #%#/28 1(%)63.'$(%W ,#1(6.0$%2 (7 '"# +,^6)'3#%' (7 '"# #V6$0$*/$63 .()$'$(% +%, (7
'"# )'$77%#))< !"# $%&#%'$(% $) )6$'+*0# 7(/ +..0$1+'$(%) (7 1(00+*(/+'$&# /(*('$1) +%,9 $% 2#%#/+09 1+% *# 6)#,
$% +6'(3+'$1 3+1"$%#) 4"$1" ."$)$1+008 $%'#/+1' 4$'" .#(.0# +%, '"# #%&$/(%3#%'<
6"1"'&47"%2 32+("
E ./('('8.# $) 16//#%'08 $%)'+00#, 4$'"$% + ,#&$1# 7(/ '"# %#6/(/#"+*$0$'+'$(% (7 '"# 6..#/ 0$3*< S(/#
1(3.+1' +/1"$'#1'6/#)9 $%106,#, 4$'"$% '"# .+'#%' +..0$1+'$(%9 4$00 *# )((% 3+%67+1'6/#,<
0335(%""839:;<=>?;X&%/+O5&%";<+-54'&
<=>;C%3252.2":;E!CCD0;8C!C09
D+5%;5%1"%2&-:;D+22"&;D+'&35&
<&.%2-5"3:;C!
H-5&-52);/+2":;IIKJSKMJIL
!52'"
R+/$+*0#Q)'$77%#))Q/('+'$(%+0Q^($%'<
J#7<QAIJQIJSJM
0B32-+#2
!"# $%&#%'$(% /#7#/) '( + &+/$+*0#-)'$77%#)) /('+/8 ^($%'9 +*0# '( 3(,$78 $') '(/)$(%+0 )'$77%#))< !"# 1(/#
3#1"+%$)3 ,#1(6.0#) '"# '6%$%2 (7 '"# '(/)$(%+0 )'$77%#)) +%, '"# /#260+'$(% (7 '"# #V6$0$*/$63
1(%7$26/+'$(% (7 + /('+/8 )"+7'< !"# ^($%' $) 1"+/+1'#/$D#, *8 %( 0$3$' $% $') +%260+/ /+%2# (7 3('$(%9 +)
'8.$1+0 /('+/8 +1'6+'(/)< =') .#160$+/ 1(3.0$+%' '/+%)3$))$(% #%+*0#) '( 3(,$78 '"# )'$77%#)) *8 0$3$'$%2 '"#
/#V6$/#, #%#/28 1(%)63.'$(%9 /#,61$%2 '"# (&#/+00 .(4#/ $%)'+00#, (% '"# ,#&$1#< !"# 1(%'/(0 (7 '"#
)'$77%#)) +00(4) '( 0$3$' '"# #%#/28 '/+%)7#//#, $7 +% $3.+1' (116/)9 +% #77$1$#%' 3+%+2#3#%' (7 '"#
)'(/+2# +%, '"# /#0#+)# (7 '"# #%#/28 ,6/$%2 $3.60)$&#:#5.0()$&# 3('$(%)9 +%, + ./#1$)# 1(%'/(0 (7 '"#
#51"+%2#, '(/V6#<
; ; ; ; ; ;
27
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 3#11+%$)3( +00+ *+)# ,#0 2$6%'( U 6%+ 3(00+ 70#))$(%+0# ,$ 7(/3+ 1$/1(0+/# 06%2( 0+ V6+0# .6` )1(//#/# 6%
.#/%( 1"# #)#/1$'+ 6%+ 7(/D+< a+ &+/$+D$(%# ,#00+ 06%2"#DD+ 6'$0# ,#00+ 3(00+9 (''#%6'+ /6('+%,( 0+ 3(00+ )'#))+
+''(/%( +0 ./(./$( 1#%'/(9 1(%)#%'# ,$ 3(,$7$1+/# 0+ /$2$,#DD+ '(/)$(%+0# ,#00@+0*#/( ,@6)1$'+< =0 ,$).()$'$&( U $%
2/+,( ,$ ,$)+11(..$+/# 0+ /#2(0+D$(%# ,#00+ /$2$,#DD+ ,#0 2$6%'( ,+00+ )6+ 1(%7$26/+D$(%# ,$ #V6$0$*/$( +''/+&#/)(
6% 3#11+%$)3( ,$77#/#%D$+0#<
*+#,(-&.%/
a@$%'#%)+ +''$&$'T ,$ /$1#/1+ )&(0'+ %#20$ 60'$3$ +%%$ + 0$&#00( 20(*+0# "+ 3()'/+'( 1(3# 0j6'$0$DD( ,$ +''6+'(/$ +
/$2$,#DD+ &+/$+*$0# $% )1#%+/$ ,$ 1(00+*(/+D$(%# 6(3(-/(*(' .6` /$)60'+/# .+/'$1(0+/3#%'# &+%'+22$()+< I(%()'+%'#
0# $3.(/'+%'$ /$1#/1"# 7$%(/+ 1(%,(''#9 $ ./(,(''$ ,$).(%$*$0$ (22$ )60 3#/1+'( /$)60'+%( $% 3(0'$ 1+)$ $%+,+''$ +
)(,,$)7+/# $ /#V6$)$'$ $% '#/3$%$ ,$ 1(..$#9 3(&$3#%'$ +%2(0+/$9 .(/'+*$0$'T9 3(,60+/$'T9 #77$1$#%D+ #%#/2#'$1+ #
1(3.+''#DD+9 /$1"$#)'$ .#/ 1(%)#%'$/%# 6%+ /#+0# ,$776)$(%# # 1(33#/1$+0$DD+D$(%# )6 0+/2+ )1+0+<
N+%2+((5;";044'5#+O5&%5
a@$%&#%D$(%# U ,('+'+ ,$ 6% $%)$#3# ,$ 76%D$(%+0$'T 1(%)$,#/+'# $3.(/'+%'$ .#/ 6% +''6+'(/# + /$2$,#DD+ &+/$+*$0#F
/+%2# ,$ /('+D$(%# $00$3$'+'( $% 2/+,( ,$ 1(%)#%'$/# 3('$ 1(%'$%6$W /#2(0+D$(%# ,#00+ /$2$,#DD+ 1"# +&&$#%# 1(% 6%
/$,(''( 1(%)63( #%#/2#'$1(W ,$)+11(..$+3#%'( ,#00+ /#2(0+D$(%# ,#00+ .()$D$(%# ,$ #V6$0$*/$( # ,#00+ /$2$,#DD+<
a@$%&#%D$(%# U +,+''+ +, +..0$1+D$(%$ ,$ /(*('$1+ 1(00+*(/+'$&+ #,9 $% 2#%#/+0#9 .6` '/(&+/# 6%@#77$1+1# 6'$0$DD( $%
3+11"$%# +6'(3+'$1"# $% 2/+,( ,$ $%'#/+2$/# 7$)$1+3#%'# 1(% 0+ .#/)(%+ ( 1(% 0@+3*$#%'#<
E2+/5&;/5;E15'.44&
f% ./('('$.( 76%D$(%+%'# U +''6+03#%'# $%)'+00+'( +00@$%'#/%( ,$ 6% ,$).()$'$&( ,$ /$+*$0$'+D$(%# .#/ 0@+/'(
)6.#/$(/#< f0'#/$(/$ 7(/3# /#+0$DD+'$&# .$b 1(3.+''#9 1(36%V6# '6'#0+'# ,+00+ ,(3+%,+ ,$ */#&#''(9 &#//+%%(
/#+0$DD+'# ./())$3+3#%'#<
!52&'+-";859: <=>?;X&%/+O5&%";<+-54'&
C3252.2&:;E!CCD0;8C!C09
C%1"%2&-";/5;-5A"-57"%2&:;D+22"&;D+'&35&
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;IIKJSKMJIL
!52&'&
d$6%'( /('+'$&( + /$2$,#DD+ /#2(0+*$0#<
J$7<QAIJQIJSJM
0B32-+#2
a@$%&#%D$(%# )$ /$7#/$)1# +, 6% 2$6%'( /('+'$&( + /$2$,#DD+ /#2(0+*$0#9 $% 2/+,( 1$(U ,$ 3(,$7$1+/# 0+ ./(./$+
/$2$,#DD+ '(/)$(%+0#< =0 3#11+%$)3( +00+ *+)# ,#0 ,$).()$'$&( ,$)+11(..$+ $0 1(%'/(00( ,#00# /$2$,#DD+ '(/)$(%+0#
,+0 1(%'/(00( ,#00+ 1(%7$26/+D$(%# ,$ #V6$0$*/$( ,$ 6% +0*#/( /('+%'#< =0 2$6%'( %(% U 0$3$'+'( %#0 )6( /+%2# ,$
3(&$3#%'( +%2(0+/#9 +0 .+/$ ,#$ .$b 1(36%$ 3('(/$ /('+'$&$< a+ .+/'$1(0+/# 1(%7$26/+D$(%# ,#00+ '/+)3$))$(%#
#0+)'$1+ 1(%)#%'# $%(0'/# ,$ 3(,$7$1+/# 0+ /$2$,#DD+ 0$3$'+%,( $0 1(%)63( #%#/2#'$1( /$1"$#)'( # 1(%'/$*6#%,( +
/$,6//# 0+ .('#%D+ '('+0# $%)'+00+'+ )60 ,$).()$'$&(< =0 1(%'/(00( ,#00+ /$2$,#DD+ 1(%)#%'# ,$ 0$3$'+/# 0@#%#/2$+
'/+)7#/$'+ $% 1+)( ,$ 6/'(9 6%+ 2#)'$(%# #77$1$#%'# ,#00@+116360( #, $0 /$0+)1$( ,$ #%#/2$+ $% 3(&$3#%'$
$3.60)$&$:#).0()$&$ #, 6% ./#1$)( 1(%'/(00( ,#00+ 1(..$+ )1+3*$+'+<
*
; ; ; ;;";!"#%&'&(5";4"-;'QG%"-(5+;";5;!-+34&-25
28
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# 3#'"(, /#0+'#) '( '"# (%-0$%# ,#'#1'$(% (7 '"# (116//#%1# (7 4#0, ,#7#1') ,6/$%2 '"# 3+%67+1'6/$%2
./(1#))#) (7 3#'+0 )"##') *8 3#+%) (7 + ).#1'/()1(.$1 )#%)(/ '"+' 3#+)6/#) (7 '"# .0+)3+ #3$))$(%
).#1'/63 $% '"# 3#0'$%2 .($%'< =% ./+1'$1#9 '"# 3+$% ,#7#1') (7 '"# 4#0,$%2 ./(1#)) (7 $%'#/#)' +/#
./#0$3$%+/$08 .+/+3#'/$D#, *8 + j0#+/%$%2k ."+)#9 +%, '"#% '"#8 1+% *# ,#'#1'#, $% /#+0 '$3#<
*+#,(-&.%/
!"# +))#3*08 *8 0+)#/ 4#0,$%2 (7 )#3$-7$%$)"#, 3#'+00$1 #0#3#%') $) 4$,#08 6)#, $% 3+%8 $%,6)'/$+0 7$#0,)<
E3(%2 '"# 3()' .(.60+/ 0+)#/ '#1"%(0(2$#)9 '"#/# $) '"# 1(%'$%6(6) 0+)#/ 4#0,$%2 /#+0$D#, 4$'" ABC 0+)#/)<
!"# 1(%'/(0 V6+0$'8 $) (7'#% 1+//$#, (6' +' '"# #%, (7 '"# ./(,61'$(% ./(1#))9 4$'" %(%-,#)'/61'$&# 3#'"(,)
K7(/ #5+3.0# /+,$(2/+."$1 +%, 60'/+)(%$1 1(%'/(0M (/ ,#)'/61'$&# (%#) K/#)$)'+%1# '#)')9 )#1'$(%) (7 '"# 4#0,
^($%'M (% + 0$3$'#, %63*#/ (7 )+3.0#)<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# .+'#%'#, 3#'"(, (77#/) )$2%$7$1+%' +..0$1+'$(%) $% '"# +6'(3('$&# 7$#0, 7(/ '"# 1(%'/(0 (7 '"# 4#0,$%2
./(1#))#) (7 1+/ *(,$#)9 4"#/# '"# ,#7#1' $) 16//#%'08 &#/$7$#, (% $%,$&$,6+0 )+3.0#)9 4$'" (7'#% $%&+)$&#
3#'"(,) '"+' /#V6$/# '$3#-1(%)63$%2 (.#/+'$(%)9 +) 4#00 +) + )$2%$7$1+%' 4+)'# (7 3+'#/$+0)9 4$'"
1(%)#V6#%' $3.+1' (% ./(,61'$(% 1()')<
6"1"'&47"%2 32+("
!"# '#1"%$V6# "+) *##% 76008 $3.0#3#%'#, +%, '#)'#, #5.#/$3#%'+008 4$'"$% + S=fJ KS$%$)'/8 (7 G,61+'$(%
+%, J#)#+/1"M ./(^#1' $%&(0&$%2 1(3.+%$#) (7 '"# Z=E! 2/(6.<
!52'"
S#'"(, 7(/ ,#'#1'$%2 ,#7#1') $% '"# 1(%'$%6(6)
0+)#/ 4#0,$%2 ./(1#)) (7 3#'+0 .+/')<
J#7<QAIJQIJIU[
0B32-+#2
!"# $%&#%'$(% /#0+'#) '( + 3#'"(, 7(/ '"# +%+08)$) (7 ,+'+ 2#%#/+'#, *8 + ).#1'/()1(.$1 )#%)(/9 4"$1" $)
6)#, 7(/ 3#+)6/$%2 '"# (.'$1+0 #3$))$(% (7 '"# .0+)3+ 2#%#/+'#, $% '"# 4#0,$%2 +/#+9 +..0$1+*0# 7(/
#5+3.0# '( '"# 4#0,$%2 ./(1#)) (7 ./#-3+1"$%#, #0#3#%')9 )61" +) ./$%' #0#3#%')9 )0+*)9 #0#3#%')
(*'+$%#, *8 1+)'$%2< !"# 3#'"(, (7 +%+08)$)9 *8 3#+%) (7 '"# #5+3$%+'$(% $% /#+0 '$3# (7 '"# #3$))$(%
).#1'/+ +1V6$/#, 7/(3 )+$, )#%)(/9 +00(4) '( $,#%'$78 '"# ,#&$+'$(% (7 '"# ."8)$1+0 .+/+3#'#/) (7 '"# 4#0,
7/(3 + /#2$(% (7 &+06#) 1(%)$,#/#, +) (.'$3+0W '"$) ,#&$+'$(%9 $7 %(' 1(%'/(00#, +%, 1(//#1'#,9 1+%
./(,61# ,#7#1') $% '"# /#)60'$%2 4#0,< !"# $%7(/3+'$(% '"6) (*'+$%#, 1+% *# 6)#, +) $%.6' (7 + 7##,*+1;
)8)'#3 (7 '"# 4#0,$%2 +..+/+'6)9 4"$1" $%'#/&#%#) $% /#+0 '$3# (% '"# ."8)$1+0 .+/+3#'#/) (7 '"#
4#0,$%2 ./(1#))9 $% (/,#/ '( 1(//#1' '"# +%(3+08<
0335(%"" 839:;<=>
<=>;C%3252.2":;CX0<
D+5% C%1"%2&-:;Z.5/&;!&#5
<&.%2-5"3:;@E0
H-5&-52) /+2":;UIKJLKMJIJ
6 ; ; ; ; ; ;
29
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 3#'(,( /$26+/,+ 0+ /$0#&+D$(%# $% 0$%#+ ,#00j$%)(/2#%D+ ,$ ,$7#''$ ,$ )+0,+'6/+ ,6/+%'# $ ./(1#))$ ,$
0+&(/+D$(%# ,$ 0+3$#/# 3#'+00$1"# '/+3$'# 6% )#%)(/# ).#''/()1(.$1( 1"# 3$)6/+ 0( ).#''/( ,$ #3$))$(%# ,$
.0+)3+ %#0 .6%'( ,$ 76)$(%#< =% ./+'$1+9 $ ./$%1$.+0$ ,$7#''$ ,#0 ./(1#))( ,$ )+0,+'6/+ ,$ $%'#/#))# &#%2(%(
./#0$3$%+/3#%'# .+/+3#'/$DD+'$ $% 6%+ 7+)# ,$ u+../#%,$3#%'(v # V6$%,$ &#%2(%( /$&#0+'$ $% '#3.( /#+0#<
*+#,(-&.%/
a@+))#3*0+22$( 3#,$+%'# )+0,+'6/+ 0+)#/ ,$ #0#3#%'$ 3#'+00$1$ )#3$0+&(/+'$ U +3.$+3#%'# $3.$#2+'( $%
%63#/()$ +3*$'$ $%,6)'/$+0$< !/+ 0# '#1%(0(2$# 0+)#/ .$b ,$776)#9 &$ U 0+ )+0,+'6/+ 0+)#/ 1(%'$%6+ /#+0$DD+'+ 1(%
0+)#/ + ABC< =0 1(%'/(00( ,$ V6+0$'T U ).#))( #77#''6+'( + .()'#/$(/$9 (&&#/( +0 '#/3$%# ,#0 ./(1#))( ,$
./(,6D$(%#9 1(% 3#'(,$ %(% ,$)'/6''$&$ K.#/ #)#3.$( 3#'(,$ /+,$(2/+7$1$9 )(%,+22$( + 60'/+)6(%$M ( ,$)'/6''$&$
K./(&# ,$ /#)$)'#%D+9 )#D$(%$ ,#0 2$6%'( ,$ )+0,+'6/+M )6 6% %63#/( 0$3$'+'( ,$ 1+3.$(%$<
N+%2+((5;";044'5#+O5&%5
=0 */#&#''( (77/# %('#&(0$ +..0$1+D$(%$ %#0 )#''(/# +6'(3(*$0$)'$1( .#/ $0 1(%'/(00( ,#$ ./(1#))$ ,$ )+0,+'6/+
,#00# 1+//(DD#/$# ,#00# +6'(9 ,(&# 0+ ,$7#''()$'T U +''6+03#%'# &#/$7$1+'+ w+ 1+3.$(%#w9 1(% 3#'(,$ ).#))(
$%&+)$&$ 1"# /$1"$#,(%( ,$).#%,$( ,$ '#3.( # 6% %('#&(0# )1+/'( ,$ 3+'#/$+0$9 1(% 1(%)#26#%'# $3.+''( )6$
1()'$ ,$ ./(,6D$(%#<
E2+/5&;/5;E15'.44&
a+ '#1%$1+ U )'+'+ 1(3.0#'+3#%'# /#+0$DD+'+ # '#)'+'+ ).#/$3#%'+03#%'# %#00@+3*$'( ,$ 6% ./(2#''( ,#0
S=fJ 1"# "+ 1($%&(0'( +D$#%,# ,#0 2/6..( Z=E!<
!52&'&
S#'(,( .#/ 0j$%,$&$,6+D$(%# ,$ ,$7#''()$'T %#0
./(1#))( ,$ )+0,+'6/+ 0+)#/ 1(%'$%6+ ,$ .+/'$
3#'+00$1"#<
J$7<QAIJQIJIU[
0B32-+#2
a@$%&#%D$(%# /$26+/,+ 6% 3#'(,( ,$ +%+0$)$ ,#$ ,+'$ 2#%#/+'$ ,+ 6% )#%)(/# ).#''/()1(.$1(9 1"# &$#%#
$3.$#2+'( .#/ 3$)6/+/# 0@#3$))$(%# (''$1+ ,#0 .0+)3+ 2#%#/+'( %#00+ D(%+ ,$ )+0,+'6/+9 +..0$1+*$0# +,
#)#3.$( +0 ./(1#))( ,$ )+0,+'6/+ ,$ #0#3#%'$ ./#0+&(/+'$9 V6+0$ #0#3#%'$ )'+3.+'$9 0+)'/#9 #0#3#%'$
(''#%6'$ .#/ 76)$(%#< =0 3#'(,( ,$ +%+0$)$9 .#/ 3#DD( ,#00j#)+3# $% '#3.( /#+0# ,#20$ ).#''/$ ,$ #3$))$(%#
+1V6$)$'$ ,+ ,#''( )#%)(/#9 .#/3#''# ,$ $%,$&$,6+/# 0( )1()'+3#%'( ,#$ .+/+3#'/$ 7$)$1$ ,#0 ./(1#))( ,$
)+0,+'6/+ ,+ 6%+ /#2$(%# ,$ &+0(/$ 1(%)$,#/+'+ (''$3+0#9 )1()'+3#%'( ,#$ .+/+3#'/$ 1"#9 )# %(%
1(%'/(00+'( # 1(//#''(9 .6` ./(,6//# ,#$ ,$7#''$ %#00+ )+0,+'6/+ /$)60'+%'#< aj$%7(/3+D$(%# 1()X (''#%6'+
.6` #))#/# $3.$#2+'+ 1(3# $%2/#))( ,$ 6% )$)'#3+ ,$ /#'/(+D$(%# ,#00j+..+/+'( ,$ )+0,+'6/+9 1"#
$%'#/&$#%# $% '#3.( /#+0# )6$ .+/+3#'/$ 7$)$1$ ,#0 ./(1#))( ,$ )+0,+'6/+9 +0 7$%# ,$ 1(//#22#/# 0@+%(3+0$+<
!52&'+-";859:;<=>
C3252.2&:;CX0<
C%1"%2&-";/5;-5A"-57"%2&:;Z.5/&;!&#5
!"--52&-5;/5;15("%O+:;@E0
6+2+;/5;4-5&-52P:;UIKJLKMJIJ
; ; ; ; ; ; ; ; ; ;
30
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# $%&#%'$(% /#0+'#) '( + /#0#+)# ,#&$1# 1(3./$)$%2F PM + .(/(6) .(083#/$1 3+'/$5 +00(4$%2 '"# .+))+2# (7
+ 1"#3$1+0 ).#1$#) '( *# ,#0$&#/#,W CM + .06/+0$'8 (7 %+%(3#'/$1 .+/'$10#) ,$).#/)#, $% )+$, 3+'/$59 +.' '( *#
#51$'#, 4"#% +/# $%&#)'#, *8 + 0$2"' 7065 '( 2#%#/+'# "#+'W >M + .06/+0$'8 (7 '"#/3()#%)$'$&# )'/61'6/#)
K+22/#2+'#) (7 +3."$."$0$1 3(0#160#)M9 1(%'+$%$%2 '"# 1"#3$1+0 ).#1$#) '( *# ,#0$&#/#,<
*+#,(-&.%/
Y$77#/#%' )(06'$(%) 7(/ 6)$%2 )6./+3(0#160+/ +22/#2+'#) (7 +3."$."$0$1 3(0#160#)9 $% .+/'$160+/ 3$1#00+/
)'/61'6/#) +%, 0$.()(3#)9 6)#, '( 1(%'+$% +%, '/+%).(/' "8,/(."(*$1+0 +%, "8,/(."$0$1 1"#3$1+0 )6*)'+%1#)
+/# ;%(4%< [(4#&#/9 $' $) ,$77$160' $3.0#3#%'$%2 +% #5+1' .()$'$(%$%2 (7 '"# )'/61'6/#) 1(%'+$%$%2 '"#
1"#3$1+0 ).#1$#) '( *# ,#0$&#/#, +' '"# 0#&#0 (7 '"# *$(0(2$1+0 '+/2#' '( *# '/#+'#,< A(%)#V6#%'089 '"#
+,3$%$)'/+'$(% (7 '"# 1"#3$1+0 ).#1$#) /#)60') '( *# .((/08 0(1+0$D#, +%, )1+/1#08 1(%'/(00+*0#<
0/1+%2+("3 +%/;044'5#+25&%3
!"$) +../(+1" +00(4) + 1(%'/(00#,9 0(1+0$D#, +%, /#.#+'+*0# +,3$%$)'/+'$(% (7 + 1"#3$1+0 ).#1$#)9 *8
#5.0($'$%2 '"# '"#/3()#%)$'$&$'8 (7 '"# )'/61'6/#) (7 +3."$."$0$1 3(0#160#) 6)#, +) /#)#/&($/ '"#/#(79
4$'"(6' /#V6#)'$%2 + ,$/#1' "#+'$%2 (7 '"# +..0$1+'$(% +/#+ (/ "(4#&#/ +% $%&+)$&# (/ .('#%'$+008 ,+%2#/(6)
./(1#,6/#<
6"1"'&47"%2 32+("
!"# '#1"%$V6# "+) *##% $3.0#3#%'#, +%, '#)'#, #5.#/$3#%'+008 $% 1#00 160'6/#) +%, $% +%$3+0 *$(0(2$1+0
'$))6#< !"# /#)60') "+&# *##% '"# )6*^#1' (7 %63#/(6) +/'$10#) $% "$2" $3.+1' ^(6/%+0) +%, ./#)) /#0#+)#<
!52'"
S+'/$5 +%, ,#&$1# +%, 6)# '"#/#(7 7(/ (.'$1+008-
1(%'/(00#, /#0#+)# (7 1"#3$1+0)<
J#7<QAIJQIJMJW
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#0+'#) '( + 3+'/$5 +%, + ,#&$1# 7(/ (.'$1+008-1(%'/(00#, /#0#+)# (7 1"#3$1+0
).#1$#)9 *+)#, 6.(% '"# 0$2"' #51$'+'$(% (7 .0+)3(%$1 %+%(3#'/$1 .+/'$10#) ,#&#0(.$%2 "#+' $% +
1(%'/(00#, +%, 0(1+0$D#, 4+89 4"#/#$% 1"#3$1+0) +/# 1(%'+$%#, $% )6./+3(0#160+/ +22/#2+'#) (7
+3."$."$0$1 3(0#160#)< !"# 1"#3$1+0 ).#1$#) '( *# /#0#+)#, 1+% *# + ,/62 (/ $% 2#%#/+0 +%8 )6*)'+%1# '(
*# +,3$%$)'#/#, 7(/ '"#/+.#6'$19 ,$+2%()'$1 +%,:(/ 1()3#'$1 6)#< !"# )6./+3(0#160+/ +22/#2+'#) (7
+3."$."$0$1 3(0#160#) 1(%'+$%$%2 '"# 1"#3$1+0 ).#1$#) '( *# ,#0$&#/#, +/# (7 '"#/3()#%)$'$&# '8.#9 '"+'
$) '"#8 +/# +*0# '( 3(,$78 )(3# (7 '"#$/ 1"#3$1+0 +%,:(/ )'/61'6/+0 ./(.#/'$#) $% ./#)#%1# (7 +
'#3.#/+'6/# &+/$+'$(%9 '"6) ,#'#/3$%$%2 '"# .+/'$+0 (/ '('+0 ,#0$&#/8 (7 '"# 1"#3$1+0 ).#1$#) 1(%'+$%#,
'"#/#$%<
0335(%"" 839:;<=>
<=>;C%3252.2":;CX0<
D+5% C%1"%2&-:;>&B"-2&;H5%5
<&.%2-5"3:;GH
H-5&-52) /+2":;I[KJTKMJIM
6 ; ; ; ; ; ;
31
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
aj$%&#%D$(%# /$26+/,+ 6% ,$).()$'$&(9 1"# 1(3./#%,#F PM 6%+ 3+'/$1# .(0$3#/$1+ .(/()+ 1"# .#/3#''# $0
.+))+22$( ,$ 6%+ ).#1$# 1"$3$1+ ,+ /$0+)1$+/#W CM 6%+ .06/+0$'T ,$ .+/'$1#00# %+%(3#'/$1"# ,$).#/)# $% ,#''+
3+'/$1#9 +''# +, #11$'+/)$ V6+%,( $%&#)'$'# ,+ 6% 706))( 063$%()( 2#%#/+%,( 1+0(/#W >M 6%+ .06/+0$'T ,$
)'/6''6/# '#/3()#%)$*$0$ K+22/#2+'$ ,$ 3(0#1(0# +%7$7$0$1"#M9 1(%'#%#%'$ 0+ ).#1$# 1"$3$1+ ,+ /$0+)1$+/#<
*+#,(-&.%/
L(%( %('# ,$&#/)# )(06D$(%$ ,@$3.$#2( ,$ +22/#2+'$ )6./+3(0#1(0+/$ ,$ 3(0#1(0# +%7$7$0$1"#9 $% .+/'$1(0+/#
)'/6''6/# 3$1#00+/$ # 0$.()(3$9 6)+'# .#/ 1(%'#%#/# # '/+).(/'+/# )()'+%D# 1"$3$1"# $,/(7(*$1"# # $,/(7$0$1"#<
G@ 1(36%V6# ,$77$1(0'()( /#+0$DD+/# 6% #)+''( .()$D$(%+3#%'( ,#00# )'/6''6/# 1(%'#%#%'$ 0+ ).#1$# 1"$3$1+ ,+
/$0+)1$+/# + 0$&#00( ,#0 '+/2#' *$(0(2$1( ,+ '/+''+/#9 )$+%( #))# 3$1#00#9 0$.()(3$ ( +0'/(< Y$ 1(%)#26#%D+9 0+
)(33$%$)'/+D$(%# ,#00+ ).#1$# 1"$3$1+ /$)60'+ )1+/)+3#%'# 0(1+0$DD+'+ # .(1( 1(%'/(00+*$0#<
N+%2+((5;";044'5#+O5&%5
c6#)'( +../(11$( 1(%)#%'# 6%+ )(33$%$)'/+D$(%# 0(1+0$DD+'+9 3(,60+*$0# # /$.#'$*$0#9 ,$ 6%+ ).#1$# 1"$3$1+9
)7/6''+%,( 0+ '#/3()#%)$*$0$'T ,#00# )'/6''6/# ,$ 3(0#1(0# +%7$7$0$1"# 6)+'# 1(3# 1(%'#%$'(/#9 3+ )#%D+ 1"#
1$` /$1"$#,+ 6% /$)1+0,+3#%'( ,$/#''( ,#00@+/#+ ,$ +..0$1+D$(%# ( 1(36%V6# 6%+ ./(1#,6/+ $%&+)$&+<
E2+/5&;/5;E15'.44&
a+ '#1%$1+ U )'+'+ /#+0$DD+'+ # '#)'+'+ ).#/$3#%'+03#%'# $% 1(0'6/+ 1#0060+/# #, $% '#))6'( *$(0(2$1( +%$3+0#<
= /$)60'+'$ )(%( )'+'$ (22#''( ,$ %63#/()$ +/'$1(0$ )6 /$&$)'# +, +0'( $3.+''( # ,$ 1(36%$1+'$ )'+3.+<
!52&'&
Y$).()$'$&(Q,$Q/$0+)1$(Q,$Q).#1$#Q1"$3$1"#Q+Q1(%'/(00(Q
(''$1(<
J$7<QAIJQIJMJW
0B32-+#2
a+ ./#)#%'# $%&#%D$(%# )$ /$7#/$)1# + 6% ,$).()$'$&( ,$ /$0+)1$( ,$ ).#1$# 1"$3$1"# + 1(%'/(00( (''$1(9 *+)+'(
)600@#11$'+D$(%# 063$%()+ ,$ %+%(.+/'$1#00# 1"# )&$06..+%( 1+0(/# $% 3(,( 1(%'/(00+'( # 0(1+0$DD+'(9 $% 16$
0+ ).#1$# 1"$3$1+ ,+ /$0+)1$+/# U 1(%'#%6'+ $% +22/#2+'$ )6./+3(0#1(0+/$ ,$ 3(0#1(0# +%7$7$0$1"#9 1(3# .#/
#)#3.$( )'/6''6/# ,$ '$.( 3$1#00+/# ( 0$.()(3$< a+ ).#1$# 1"$3$1+ ,+ /$0+)1$+/# .6` #))#/# 6% 7+/3+1( ( $%
2#%#/+0# 6%+ V6+06%V6# )()'+%D+ )(33$%$)'/+'+ + )1(.( '#/+.#6'$1(9 ,$+2%()'$1( #:( 1()3#'$1(< a#
)'/6''6/# 1(%'#%#%'$ 0+ ).#1$# 1"$3$1+ ,+ /$0+)1$+/# V6$ 1(%)$,#/+'# )(%( ,$ '$.( '#/3()#%)$*$0#9 (&&#/(
)(%( 1+.+1$ ,$ 3(,$7$1+/# +016%# 0(/( ./(./$#'T 1"$3$1"# #:( )'/6''6/+0$ $% ./#)#%D+ ,$ 6%+ &+/$+D$(%# ,$
'#3.#/+'6/+9 ,#'#/3$%+%,( 1()X $0 /$0+)1$( .+/D$+0# ( '('+0# ,#00+ ).#1$# 1"$3$1+ $% #))# 1(%'#%6'+<
!52&'+-";859:;<=>
C3252.2&:;CX0<
C%1"%2&-";/5;-5A"-57"%2&:;>&B"-2&;H5%5
!"--52&-5;/5;15("%O+:;GH
6+2+;/5;4-5&-52P:;I[KJTKMJIM
; ; ; ; ; ; ; ; ; ;
32
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# *$(/#+1'(/ 1"+3*#/ "+) *##% ,#)$2%#, +%, /#+0$D#, (77#/$%2 "$2" 70#5$*$0$'8 (7 6)#9 )$%1# $' +00(4) '(
+11(33(,+'# 3+'#/$+0) (7 ,$77#/#%' )"+.#)9 )$D# +%, ."8)$1+0-1"#3$1+0 %+'6/#<
!"# 3('(/ +%, '"# .(/(6) .$)'(% +00(4 '( )#' + 4$,# /+%2# (7 3#1"+%$1+0 +%, 706$, ,8%+3$1) )'$360+'$(%
+,+.'#, +11(/,$%2 '( '"# '+/2#' +..0$1+'$(%<
*+#,(-&.%/
!( #%2$%##/ '$))6#) $% &$'/(9 ).#1$7$1 '8.#) (7 1#00) +/# 160'6/#, (% >Y *$(+1'$&# )1+77(0,) +00(4$%2 + 1#00
,$77#/#%'$+'$(% +%, >Y '$))6# /#2#%#/+'$(%< q#)$,#) *$(1"#3$1+0 )'$360+'$(%9 +0)( 3#1"+%$1+0 )'$360$ 3+8
,##.08 +77#1' '"# 3#1"+%$)3) (7 '$))6# /#2#%#/+'$(%< !"# *$(/#+1'(/) 6. '( %(4 /#+0$D#, +00(4 '( +6'(3+'#
'"# ./(1#)) (7 '$))6# /#2#%#/+'$(%9 *6' '"#8 (7'#% (77#/ '"# +*$0$'8 '( )#' + )$%20# ).#1$7$1 ."8)$1+0 )'$3606)<
0/1+%2+("3 +%/ 044'5#+25&%3
- !(Q1(6.0#Q)$360'+%#(6)08Q3#1"+%$1+0Q+%,Q706$,Q,8%+3$1Q)'$360+'$(%Q'(Q1(%)'/61'<
- !(Q$3.0#3#%'Q+Q.#/76)$(%Q70(4Q'"+'Q26+/+%'##)Q+%Q#77$1$#%'Q+%,Q6%$7(/3Q1#00Q)##,$%2Q4$'"$%Q'"#Q1(%)'/61'Q
4$'"Q+%Q(.'$3$D+'$(%Q(7Q'"#Q3+))Q'/+%).(/'Q(7Q%6'/$#%')<
- !(Q3$3$1Q+)Q10()#08Q+)Q.())$*0#Q'"#Q."8)$(0(2$1+0Q1(%,$'$(%)Q(7Q'"#Q^($%'Q%$1"#<
6"1"'&47"%2 32+("
g/('('8.#9Q)611#))7600 '#1"%$1+0Q+%,Q76%1'$(%+0Q&+0$,+'$(%<
0335(%""839:;<=>
<=>;C%3252.2":;CGCC!
D+5% C%1"%2&-:;E5'15+;E#+('5&%"
<&.%2-5"3:;C!
H-5&-52) /+2":;M[KJIKMJIW
!52'"
q$(/#+1'(/ 7(/Q#%2$%##/$%2 +/'$160+/ '$))6#)<
J#7<QAIJQIJULY
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#0+'#) '( + *$(/#+1'(/ 4"$1" 1(6.0#) )$360'+%#(6)08 3#1"+%$1+0 )'$360+'$(%
K1(3./#))$(% +%,:(/ "8,/(,8%+3$1 ./#))6/#M +%,:(/ 706$,-,8%+3$1 )'$360+'$(% K.#/76)$(%M +%,:(/
"8,/()'+'$1 ./#))6/# '( #%2$%##/ +/'$160+/ '$))6#)9 3$3$1;$%2 '"# ^($%' 3$1/(#%&$/(%3#%'<
B*^#1' (7 '"# ./#)#%' $%&#%'$(% $) +0)( + 3#'"(, 7(/ '"# 2#%#/+'$(% (7 ^($%' '$))6#)9 4"$1" 6)#) '"# ,#&$1#
"#/# ,#)1/$*#,<
=% .+/'$160+/9 '"# *$(/#+1'(/ "+) '#1"%$1+0 1"+/+1'#/$)'$1) )61" +) "$2" 70#5$*$0$'8 $% '#/3) (7 )$D# +%, )"+.#
(7 3+'#/$+0) 3#1"+%$1+008 +%, 76%1'$(%+008 '#)'#,9 +) 4#00 +) "$2" 70#5$*$0$'8 $% '"# ."8)$(0(2$1+0 )'$360$
'"+' 1+% *# /#1/#+'#,<
!
; ; ; ; ;
33
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
a+ 1+3#/+ ,#0 *$(/#+''(/# (22#''( ,#00@$%&#%D$(%# )$ 1+/+''#/$DD+ .#/ 6%@#0#&+'+ 70#))$*$0$'T ,$ $3.$#2(9
.#/3#''#%,( ,$ +00(22$+/# 3+'#/$+0$ ,$ 7(/3#9 %+'6/+ 1"$3$1(-7$)$1+ ,$77#/#%'$<
=0 3('(/# # $0 .$)'(%# .(/()( .#/3#''(%( ,$ $3.()'+/# 6% +3.$( $%'#/&+00( ,$ /#2$3$ ,$ )'$3(0+D$(%#
3#11+%$1+ # 706$,(,$%+3$1+ +,+''+'$ + )#1(%,+ ,#0 '+/2#' +..0$1+'$&(<
*+#,(-&.%/
g#/ $%2#2%#/$DD+/# '#))6'$ $% &$'/(9 ).#1$7$1$ '$.$ ,$ 1#0060# &#%2(%( 1(0'$&+'# )6 )6..(/'$ >Y *$(+''$&$
1(%)#%'#%,( 6% ,$77#/#%D$+3#%'( 1#0060+/# # 0+ 2#%#/+D$(%# ,$ )'/6''6/# '$))6'+0$ >Y< B0'/# +20$ )'$3(0$ ,$
%+'6/+ *$(1"$3$1+9 +%1"# )'$3(0$ ,$ (/$2$%# 3#11+%$1+ $%706#%D+%( $ 3#11+%$)3$ ,$ /$2#%#/+D$(%# '$))6'+0#< =
*$(/#+''(/$ .#/3#''(%( ,$ +6'(3+'$DD+/# $0 ./(1#))( ,$ /$2#%#/+D$(%# '#))6'+0#9 3+ ).#))( ./#&#,(%( 0+
.())$*$0$'T ,$ $3.()'+/# 6% 6%$1( )'$3(0( 7$)$1( ).#1$7$1(<
N+%2+((5 " 044'5#+O5&%5
a@$%&#%D$(%# .#/3#''# ,$F
- +11(..$+/# 1(%'#3.(/+%#+3#%'# )'$3(0+D$(%# 3#11+%$1+ # 706$,(,$%+3$1+ +0 1()'/6''(W
- +''6+/# 6% 706))( ,$ .#/76)$(%# 1"# 2+/+%'$)1# 6%+ )#3$%+ 1#0060+/# #77$1$#%'# #, 6%$7(/3# +00@$%'#/%( ,#0
1()'/6''( 1(% 6%@(''$3$DD+D$(%# ,#0 '/+).(/'( ,$ 3+))+ ,#$ 7+''(/$ %6'/$'$&$ +00@$%'#/%( ,#0 '#))6'(W
- 3$3+/# $0 .$b 7#,#03#%'# .())$*$0# 0# 1(%,$D$(%$ 7$)$(0(2$1"# ,#00+ %$11"$+ +/'$1(0+/#<
E2+/5&;/5;315'.44&
g/('('$.(Q#Q&+0$,+D$(%#Q'#1%$1+Q#Q76%D$(%+0#<
!52&'+-"859:;<=>
C3252.2&:;CGCC!
C%1"%2&-";/5;-5A"-57"%2&:;E5'15+;E#+('5&%"
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;M[KJIKMJIW
!52&'&
q$(/#+''(/#Q.#/Q0@$%2#2%#/$DD+D$(%#Q,#$Q'#))6'$Q
+/'$1(0+/$<
J$7<QAIJQIJULY
0B32-+#2
a@$%&#%D$(%# )$ /$7#/$)1# + 6% *$(/#+''(/# 1"# +11(..$+ 1(%'#3.(/+%#+3#%'# )'$3(0+D$(%# 3#11+%$1+
K1(3./#))$(%# #:( ./#))$(%# $,/(,$%+3$1+M #:( 706$,(,$%+3$1+ K.#/76)$(%#M #:( ./#))$(%# $,/()'+'$1+ +
'#))6'$ $%2#2%#/$DD+'$9 3$3+%,( $0 3$1/(+3*$#%'# +/'$1(0+/#<
B22#''( ,#00+ ./#)#%'# $%&#%D$(%# U +%1"# 6% 3#'(,( .#/ 0+ 2#%#/+D$(%# ,$ '#))6'$ +/'$1(0+/$9 1"# 6'$0$DD+
$0 ,$).()$'$&( ,#)1/$''(<
=% .+/'$1(0+/#9 '+0# *$(/#+''(/# ./#)#%'+ 1+/+''#/$)'$1"# '#1%$1"# '+0$ ,+ 1(%)#%'$/# #0#&+'+ 70#))$*$0$'T $%
'#/3$%$ ,$ 3+'#/$+0$ ,+ .('#/ '#)'+/# 3#11+%$1+3#%'# # 76%D$(%+03#%'#9 %(%1"l #0#&+'+ 70#))$*$0$'T %#00#
)'$3(0+D$(%$ 7$)$(0(2$1"# 1"# )$ .())(%( /$1/#+/#<
; ; ; ; ; ; ; ; ; ;
34
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# )8)'#3 4+) ,#&#0(.#, (% + )'+%,+/, (.'$1+0 3$1/()1(.# $% '/+%)3$))$(%< L( +%8 (.'$1+0 3$1/()1(.# $%
'/+%)3$))$(% 1+% *# +,+.'#, 7(/ '"# .6/.()#< !"# )8)'#3 4+) #V6$..#, 4$'" + &$,#( 1+3#/+ +%, + )$0$1(%
+1V6$)$'$(% gA< !"# "#+/' (7 '"# $%&#%'$(% $) +% +%+08'$1+0 ./(1#,6/# '"+' +00(4) '"# gA '( ./(1#)) '"#
$3+2# 1(00#1'#, 4$'" #5'/#3# /+.$,$'8<
*+#,(-&.%/
I(4+,+8) '"# 1(33#/1$+0 3$1/()1(.8 )8)'#3) +00(4 1(6%'$%2 $%106)$(%) $% + '/+%).+/#%' 3+'/$5 6)$%2 '"#
'#1"%$V6# )( 1+00#, w#5'#%,#, 7(16)w< [(4#&#/9 '"$) '#1"%$V6# ,(#) %(' +00(4 '( ,#'#/3$%# '"# $% ,#.'"
.()$'$(% (7 '"# $%106)$(%) +%, '"#/#7(/# 2$&#) %( $%7(/3+'$(% (% '"# +1'6+0 ,$)'/$*6'$(% (7 '"#)# $% >Y< =%
+,,$'$(%9 '"# 1(6%' $) +% 6%,#/#)'$3+'#9 *#1+6)# $% '"# 1+)# (7 )'+1;#, $%106)$(%)9 (%08 '"# 7$/)' (%# $)
1(6%'#,<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# +,&+%'+2#) (7 + 76008 >Y /#1(%)'/61'$(% (7 '"# ,$)'/$*6'$(% (7 $%106)$(%) $% + 3+'/$5 +/# (*&$(6)9 )61" +)
'"# +*$0$'8 '( 2/+). '"# #5$)'#%1# (7 (/,#/#, )'/61'6/#) K)## 7$26/#M< !"# )8)'#3 4(/;) .#/7#1'08 $% '"# 1+)# (7
'#006/$63 $%106)$(%) $% 1/8)'+0) (7 A,!#:A,y%!#9 *6' $' 4(/;) $% +%8 1+)# (7 +%8 (.+V6# $%106)$(%) $% +%8
'/+%).+/#%' 3+'/$5< =' 1+% +0)( *# 6)#, '( )'6,8 )6/7+1# 3(/."(0(28 +%, ,#'#/3$%# )6/7+1# /(62"%#))<
6"1"'&47"%2 32+("
E 76008 76%1'$(%+0 ./('('8.# (7 '"# $%&#%'$(% $) $% 6)# $% =SGS-AIJ 0+*(/+'(/$#)< !"# )8)'#3)
+6'(3+'$1+008 )1+%) )+3.0#) PO5PO 13C 0+/2# +%, 4$'" '"$1;%#)) 6. '( > 13< e# +/# 16//#%'08 ,#&#0(.$%2
./(1#,6/#) 7(/ 7+)'#/ +%+08)$) (/ 7(/ '"# )'6,8 (7 )6/7+1#) +%, $% .+/'$160+/ 7(/ '"# +%+08)$) (7 )6/7+1#
/(62"%#))<
0335(%""839:;<=>
<=>;C%3252.2":;CDGD
D+5% C%1"%2&-:;0%/-"+;^+44"225%5
<&.%2-5"3:;C!
H-5&-52) /+2":;JWKJ[KMJIM
!52'"
g/(1#,6/# +%, )8)'#3 7(/ '"# '"/##-,$3#%)$(%+0
/#1(%)'/61'$(% (7 7(/3+'$(%) ,$).#/)#, $% + 3+'/$5
3+'#/$+09 $% .+/'$160+/ $%106)$(%) $% 1/8)'+00$%#
3+'/$1#)<
J#7<QAIJQIJIYY
0B32-+#2
=' $) "$2"08 ,#)$/+*0# '( 1"+/+1'#/$D# '"# ./#)#%1# (7 $%106)$(%) $% '"# 3+'/$5 A,!#:A,y%!#9 *#1+6)# '"#)#
+/# ,#'/$3#%'+0 '( r-/+8 ,#'#1'(/ +..0$1+'$(%)< !"# )'+%,+/, 3#'"(,) 7(/ '"# ,#'#1'$(% (7 $%106)$(%) ,(
%(' +00(4 + >Y /#1(%)'/61'$(% (7 '"# .()$'$(% (7 '"# $%106)$(%) $% '"# 1/8)'+00$%# 3+'/$5< Z(/ '"$) /#+)(%9 +
'#1"%$V6# 4+) ,#&#0(.#, 7(/ '"# +%+08)$) (7 $3+2#) 1(00#1'#, *8 +% (.'$1+0 3$1/()1(.# 4"$1" +00(4) '(
PM $,#%'$78 '"# $%106)$(%) CM 1(6%' '"# $%106)$(% %63*#/ $% '"# 4"(0# &(063# (7 '"# )+3.0# >M ,#'#/3$%#
'"# $%106)$(% )$D# HM ,#'#/3$%# '"# $%106)$(% ,$)/$*6'$(% $% >Y< !"# '#1"%$V6# 1+% *# $3.0#3#%'#, (% +%8
#5$)'$%2 (.'$1+0 3$1/()1(.#9 +00(4 6)$%2 4$'" )'+%,+/, .#/)(%+0 1(3.6'#/) 7(/ ,+'+ ./(1#))$%29 +%,
#5.0($'$%2 (.#% )(6/1# )(7'4+/#< !"# '#1"%$V6# 1+% +0)( *# 6)#, 7(/ )6/7+1# /#1(%)'/61'$(% $3+2$%2 +%,
)6/7+1# /(62"%#)) 3#+)6/#3#%')<
H
; ; ; ; ; ;
35
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 )$)'#3+ U )'+'( )&$06..+'( )6 6% 3$1/()1(.$( (''$1( )'+%,+/, $% '/+)3$))$(%#< c6$%,$ 6% V6+0)$+)$
3$1/()1(.$( (''$1( $% '/+)3$))$(%# .6` #))#/# +,+''+'( +00( )1(.(< =0 )$)'#3+ U )'+'( #V6$.+22$+'( 1(%
&$,#(1+3#/+ +0 )$0$1$( # 6% gA ,$ +1V6$)$D$(%#< =0 16(/# ,#00@$%&#%D$(%# U 6%+ ./(1#,6/+ ,$ +%+0$)$ 1"#
.#/3#''# +0 gA ,$ ./(1#))+/# 0# $33+2$%# /+11(0'# 1(% #)'/#3+ /+.$,$'T<
*+#,(-&.%/
= )$)'#3$ ,$ 3$1/()1(.$+ 1(33#/1$+0$ .#/3#''(%( $0 1(%'#22$( ,#00# $%106)$(%$ $% 6%+ 3+'/$1# '/+).+/#%'#
3#,$+%'# 0+ '#1%$1+ \#5'#%,#, 7(16)]< !6''+&$+ '+0# '#1%$1+ %(% .#/3#''# ,$ ,#'#/3$%+/# 0+ ,$)'/$*6D$(%#
,#00# $%106)$(%$ $% >Y # V6$%,$ %(% ,T %#))6%+ $%7(/3+D$(%# )600+ ,$)'/$*6D$(%# $% ./(7(%,$'T ,$ V6#)'#<
=%(0'/#9 $0 1(%'#22$( /$)60'+ )(''()'$3+'(9 $% V6+%'( 1(%'+ 6%+ )(0+ &(0'+ $%106)$(%$ $3.$0+'#<
N+%2+((5 " 044'5#+O5&%5
= &+%'+22$ ,$ 6%+ /$1()'/6D$(%# 1(3.0#'+3#%'# >Y ,#00+ ,$)'/$*6D$(%# ,#00# $%106)$(%$ $% 6%+ 3+'/$1# )(%(
#&$,#%'$9 1(3# 0+ .())$*$0$'T ,$ 1(20$#/# 0@#)$)'#%D+ ,$ )'/6''6/# (/,$%+'# K&#,$ 7$26/+M< =0 )$)'#3+ 0+&(/+
.#/7#''+3#%'# %#0 1+)( ,$ $%106)$(%$ ,$ '#006/$( $% 1/$)'+00$ ,$ A,!#:A,y%!#9 3+ 76%D$(%+ $% V6+0)$+)$ 1+)( ,$
$%106)$(%$ (.+1"# $% 3+'/$1$ '/+).+/#%'$< g6` #))#/# 6)+'( +%1"# .#/ )'6,$ ,$ 3(/7(0(2$+ # /62()$'T
)6.#/7$1$+0#<
E2+/5& /5 E15'.44&
f% ./('('$.( ,#00@$%&#%D$(%#9 1(3.0#'+3#%'# 76%D$(%+%'#9 U $% 6)( %#$ 0+*(/+'(/$ =SGS-AIJ< =0 ./('('$.(
.#/3#''# ,$ )1+%)$(%+/# +6'(3+'$1+3#%'# 1+3.$(%$ ,$ 0+/2"#DD+ 7$%( + PO5PO 13C # ,$ ).#))(/# 7$%( + >
13< E''6+03#%'# )$ )'+%%( )&$06..+%,( ./(1#,6/# ,$ +%+0$)$ .$b &#0(1$ .#/ 0( )'6,$( ,#00# )6.#/7$1$ # $%
.+/'$1(0+/# .#/ 0@+%+0$)$ ,#00+ /62()$'T )6.#/7$1$+0#<
!52&'+-"859:;;<=>?
C3252.2&:;CDGD
C%1"%2&-";/5;-5A"-57"%2&:;0%/-"+;^+44"225%5
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;JWKJ[KMJIM
!52&'&
g/(1#,$3#%'( # )$)'#3+ .#/ 0+ /$1()'/6D$(%#
'/$,$3#%)$(%+0# ,$ 7(/3+D$(%$ ,$).#/)# $% 6%+
3+'/$1# ,$ 3+'#/$+0#9 $% .+/'$1(0+/# $%106)$(%$ $%
3+'/$1$ 1/$)'+00$%#<
J$7<QAIJQIJIYY
0B32-+#2
G@ +0'+3#%'# ,#)$,#/+*$0# 1+/+''#/$DD+/# 0+ ./#)#%D+ ,$ $%106)$(%$ %#00# 3+'/$1$ A,!#:A,y%!# ( )$3$0$9
.#/1"l V6#)'# /$)60'+%( ,#0#'#/$# .#/ 0# +..0$1+D$(%$ ,#$ 1/$)'+00$ )'#))$< = 3#'(,$ )'+%,+/, .#/ 0+
/$&#0+D$(%# ,#00# $%106)$(%$ %(% .#/3#''(%( 6%+ /$1()'/6D$(%# >Y ,#00+ .()$D$(%# ,#00# $%106)$(%$ %#00+
3+'/$1# 1/$)'+00$%+< g#/ V6#)'+ /+2$(%# U )'+'+ )&$06..+'+ 6%+ '#1%$1+ ,$ +%+0$)$ ,#00# $33+2$%$ /+11(0'# ,+
6% 3$1/()1(.$( (''$1( 1"# .#/3#''# ,$ PM $,#%'$7$1+/# 0# $%106)$(%$ CM 1(%'+/%# $0 %63#/( )6 '6''( $0
&(063# ,#0 1+3.$(%# >M ,#'#/3$%+/%# 0+ ,$3#%)$(%# HM ,#'#/3$%+/%# 0+ .()$D$(%# $% >Y< a+ '#1%$1+
/$)60'+ $3.0#3#%'+*$0# )6 V6+0)$+)$ 3$1/()1(.$( (''$1( 2$T #)$)'#%'#9 1(%)#%'# '#3.$ ,$ #0+*(/+D$(%#
/$)'/#''$ +%1"# 1(% .#/)(%+0 1(3.6'#/ )'+%,+/,9 )7/6''+ )(7'4+/# (.#% )(6/1#< a+ '#1%$1+ .6` #))#/#
6)+'+ +%1"# .#/ 0+ /$1()'/6D$(%# ,$ )6.#/7$1$# # 3$)6/# ,$ /62()$'T<
*
; ; ; ; ; ; ; ; ; ;
36
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# $%&#%'$(% /#0+'#) '( '"# 7(/360+'$(% (7 %+%()'/61'6/#, "8*/$, 3+'#/$+09 $<#< 2(0, %+%(.+/'$10#)
1(%^62+'#, '( + 3(0#160# K$%"$*$'(/ (7 1+/*(%$1 +%"8,/+)#M< !"#)# %+%(.+/'$10#) +/# +,3$%$)'#/#,
)8)'#3$1+008 $% '"# *(,8 +%, +1'$&+'#, *8 0+)#/ /+,$+'$(% '( +1"$#&# 3$%$3+008 $%&+)$&# 1+%1#/ '"#/+.$#)9
)61" +) 0+)#/ "8.#/'"#/3$+ (/ $%'/+1#0060+/ /#0#+)# (7 ./#-0(+,#, +%'$-1+%1#/ ,/62)<
*+#,(-&.%/
!"# )8%#/28 *#'4##% %+%('#1"%(0(289 *$(."('(%$1) +%, 1#00 *$(0(28 3+8 ./(&$,# +% $%%(&+'$&#9 &#/)+'$0#
+%, #77$1$#%' '((0 7(/ '"# ,$+2%()$) +%, '/#+'3#%' (7 3+%8 ,$77#/#%' '63(/ '8.#)9 /#2+/,0#)) (7 '"# &+/$+*$0$'8
(7 /#1#.'(/) #5./#))#, *8 1+%1#/ 1#00) +' &+/$(6) )'+2#) (7 '"#$/ ,#&#0(.3#%'<
0/1+%2+("3 +%/ 044'5#+25&%3
!"$) +../(+1" +00(4) '( *8.+)) 3+%8 (7 '"# 16//#%' ./(*0#3) 0$%;#, '( )#0#1'$&# w'+/2#'$%2w (7 3+0$2%+%'
1#00)9 7(/ #5+3.0# '"()# ,6# '( '"# &+/$+*$0$'8 (7 /#1#.'(/) #5./#))#, *8 1+%1#/ 1#00) $% &+/$(6) )'+2#) (7
,#&#0(.3#%'9 4"$0# +0)( ./(&$,$%2 %#4 ./().#1') 7(/ '"#/+.#6'$1 $%,$1+'$(%) 7(/ ,$77#/#%' '8.#) (7 '63(/)<
6"1"'&47"%2 32+("
!"# '#1"%$V6# "+) *##% $3.0#3#%'#, +%, &+0$,+'#, $% 1#00 160'6/#<
!"# /#)60') "+&# *##% /#.(/'#, $% ./#)) /#0#+)#)9 .6*0$1+'$(%) +%, +' $%'#/%+'$(%+0 1(%7#/#%1#)<
!52'"
E))#3*08 1(3./$)$%2 +% +*)(/*#/ (7 %#+/ $%7/+/#,
KI=JM 0$2"' 1(&+0#%'08 0$%;#, '( +% $%"$*$'(/ (7
A+/*(%$1 E%"8,/+)#<
J#7<QAIJQIJMYW
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#7#/) '( '"# ."+/3+1#6'$1+0 7$#0, +%, $% .+/'$160+/ '( +% +))#3*08 1(3./$)$%2 +%
+*)(/*#/ (7 %#+/ $%7/+/#, KI=JM 0$2"' 1(&+0#%'08 0$%;#, '( +% $%"$*$'(/ (7 1+/*(%$1 +%"8,/+)# KAEM 4"$1"
1+% *# 6)#, +) 1(%'/+)' +2#%' $% $3+2$%2 '#1"%$V6#) )61" +) ."('(-+1(6)'$1 $3+2$%2 +%, 1+% *# +0)( 6)#,
+) '"#/+.#6'$1 +2#%'9 ).#1$7$1+008 ,#)$2%#, '( "8.#/'"#/3+008 '+/2#' '63(6/) *8 +..0$1+'$(% (7 + %#+/
$%7/+/#, 0$2"'9 7(/ #5+3.0# 7/(3 + 0+)#/9 (/ 7(/ '/#+'$%2 ('"#/ 1(%,$'$(%) $% 4"$1" '"# AE +1'$&$'8 $)
$%&(0&#,<
0335(%"" 839:;<=>
<=>;C%3252.2":;CX0<
D+5% C%1"%2&-:;>&B"-2&;H5%5
<&.%2-5"3:;GH?;@E
H-5&-52) /+2":;JYKJUKMJIU
6 ; ; ; ; ; ;
37
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
aj$%&#%D$(%# /$26+/,+ 0+ 7(/360+D$(%# ,$ 3+'#/$+0# $*/$,( %+%()'/6''6/+'(9 1$(U %+%(.+/'$1#00# ,j(/(
1(%$62+'# +, 6%+ 3(0#1(0+ K$%$*$'(/# ,#00j+%$,/+)$ 1+/*(%$1+M< c6#)'# %+%(.+/'$1#00# &#%2(%(
)(33$%$)'/+'# .#/ &$+ )$)'#3$1+ %#00j(/2+%$)3( #, +''$&+'# 1(% /+,$+D$(%# 0+)#/ .#/ /#+0$DD+/# 6%+ '#/+.$+
'63(/+0# 3$%$-$%&+)$&+9 )$+ ,$ '$.( $.#/'#/3$1( 1"# '/+3$'# $0 /$0+)1$( ,$ 7+/3+1$ +%'$'63(/+0$ ./#1+/$1+'$<
*+#,(-&.%/
a+ )$%#/2$+ '/+ %+%('#1%(0(2$#9 *$(7('(%$1+ # *$(0(2$+ 1#0060+/# .6` 7(/%$/# 6%( )'/63#%'( $%%(&+'$&(9
&#/)+'$0# #, #77$1$#%'# .#/ 0+ ,$+2%()$ # 0+ 16/+ ,$ 3(0'$ ,$77#/#%'$ '$.$ '63(/$9 $%,$.#%,#%'#3#%'# ,+00+
&+/$+*$0$'T ,#$ /#1#''(/$ #)./#))$ ,+00# 1#0060# '63(/+0$ %#00# &+/$# 7+)$ ,#0 0(/( )&$06..(<
N+%2+((5;";044'5#+O5&%5
c6#)'( +../(11$( .#/3#''# ,$ *8.+))+/# 3(0'$ ,#20$ +''6+0$ ./(*0#3$ 0#2+'$ +0 w'+/2#'$%2w )#0#''$&( ,#00#
1#0060# 3+0$2%#9 ,(&6'$ +, #)#3.$( +00+ &+/$+*$0$'T ,#$ /#1#''(/$ #)./#))$ ,+00# 1#0060# '63(/+0$ %#00# &+/$# 7+)$
,$ )&$06..(9 7(/%#%,( +%1"# %6(&# ./().#''$&# ,$ $%,$1+D$(%$ '#/+.#6'$1"# .#/ ,$77#/#%'$ '$.$ ,$ '63(/$<
E2+/5&;/5;E15'.44&
a+ '#1%$1+ U )'+'+ /#+0$DD+'+ # &+0$,+'+ $% 1(0'6/+ 1#0060+/#<
= /$)60'+'$ )(%( )'+'$ (22#''( ,$ %63#/()# ./#)#%'+D$(%$ )6 +/'$1(0$ )1$#%'$7$1$ # + 1(%2/#))$ $%'#/%+D$(%+0$<
!52&'&
E))#3*0+'( 1(3./#%,#%'# 6% +))(/*$'(/# ,#00+ 061#
%#0 &$1$%( $%7/+/())( 0#2+'( 1(&+0#%'#3#%'# +, 6%
$%$*$'(/# ,#00j+%$,/+)$ 1+/*(%$1+<
J$7<QAIJQIJMYW
0B32-+#2
a+ ./#)#%'# $%&#%D$(%# )$ /$7#/$)1# +0 1+3.( 7+/3+1#6'$1( #, $% .+/'$1(0+/# +, 6% +))$#3# 1(3./#%,#%'#
6% +))(/*$'(/# ,$ 061# %#0 &$1$%( $%7/+/())( KI=JM 0#2+'( 1(&+0#%'#3#%'# +, 6% $%$*$'(/# ,#00@+%$,/+)$
1+/*(%$1+ KAEM 1"# .6` #))#/# 6)+'( 1(3# +2#%'# ,$ 1(%'/+)'( $% '#1%$1"# ,$ ,$+2%()'$1+ .#/ $33+2$%$
K$3+2$%2M9 1(3# 0@$3+2$%2 7('(-+16)'$1(9 # .6` +%1"# #))#/# 6)+'( 1(3# +2#%'# '#/+.#6'$1(9
).#1$7$1+3#%'# ./(2#''+'( .#/ '/+''+/# 1(% '#/+.$# $.#/'#/3$1"# 3$/+'# $ '63(/$ 3#,$+%'# 0@+..0$1+D$(%#
,$ 061# %#0 I=J9 .#/ #)#3.$( V6#00+ #3#))+ ,+ 6% 0+)#/9 ( .#/ $0 '/+''+3#%'( ,$ +0'/# .+'(0(2$# $% 16$ U
1($%&(0'+ 0j+''$&$'T ,#00+ AE<
!52&'+-";859:;<=>
C3252.2&:;CX0<
C%1"%2&-";/5;-5A"-57"%2&:;>&B"-2&;H5%5
!"--52&-5;/5;15("%O+:;GH?;@E
6+2+;/5;4-5&-52P:;JYKJUKMJIU
; ; ; ; ; ; ; ; ; ;
38
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
L'+'$1 #'1"$%29 (4$%2 '( $') #+)# (7 (.#/+'$(%9 "+) *##% 4$,#08 #3.0(8#,< !"$) '#1"%$V6# $) "(4#&#/
.+))$&#08 ,/$&#% *8 '"# #'1"$%2 )(06'$(% +%, '"# #%&$/(%3#%'9 4"#/#+)9 4$'" '"# 3#1"+%$1+0-1"#3$1+0
'#1"%$V6# 4# ,#&#0(.#,9 '"# 1"+/+1'#/$)'$1) (7 '"# 7+*/$1+'#, %+%('$.) 1+% *# 1(%'/(00#, #77#1'$&#08 *8
1"+%2$%2 '"# /('+'$(% .+/+3#'#/) (7 '"# 16&#''# +%, '"# 7$*/#<
*+#,(-&.%/
!"# $3./(&#3#%' (7 '"# 7+*/$1+'$(% '#1"%$V6# (7 %+%(./(*#) (/$2$%+008 ,#&#0(.#, 7(/ )1+%%$%2 %#+/-7$#0,
(.'$1+0 3$1/()1(.8 KLIBSM +0)( "+/%#))#, (.'$1+0 7$*/# %+%('$. *$(1"#3$1+0 )#%)$%2< !"# )3+00 )$D# (7 '"#
(.'$1+0 )$0$1+ %+%('$.) #%+*0#) $%'/+1#0060+/ %(% ,#)'/61'$&# )#%)$%2 (7 ."8)$(0(2$1+0 +%, *$(0(2$1+0 ./(1#))#)
$% '"# %+%(-#%&$/(%3#%'9 (%1# #<2< ./(.#/ 1"#3$1+0 76%1'$(%+0$)+'$(% (7 '"# '$. "+) *##% ,#&#0(.#,< Z6/'"#/
$%1/#+)# $% '"# )#%)$'$&$'8 (7 )61" )'/61'6/#) 1+% *# (*'+$%#, *8 )6/7+1# #%"+%1#, J+3+% )1+''#/$%2 KLGJLM
(/ '$. #%"+%1#, J+3+% )1+''#/$%2 K!GJLM 3#+)6/#3#%')<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# 3#1"+%$1+0-1"#3$1+0 #'1"$%2 '#1"%$V6# "+) *##% ,#&#0(.#, '( (&#/1(3# '"# ./(*0#3) /#0+'#, '( '"#
1(%'/(0 (7 '"# )"+.# (7 '"# 3#%$)16) +' '"# $%'#/7+1# *#'4##% '"# #'1"$%2 0$V6$, +%, '"# 7$*/#9 4"$1" +77#1')
,$/#1'08 '"# )833#'/8 +%, /(62"%#)) (7 '"# %+%('$.< q8 '"# .#/7#1'#, 1(%'/(0 (7 '"# ./(1#))9 +0)( '"#
)6/7+1# V6+0$'8 $) 2/#+'08 $3./(&#, +%, 1(%'/(00#, K#<2< /(62"%#))M9 '"6) +00(4$%2 '"# %+%('$.) '( *#''#/ )6$'
+,&+%1#, +..0$1+'$(%)< Z6/'"#/3(/#9 '"$) '#1"%(0(28 "+) 0(4 1()' +%, $) #+)8 '( )#'-6.< E..0$1+'$(%)F LIBS
'$.)9 $%'/+1#0060+/ )#%)$%2 K."+/3+1#6'$1+0 ,#&#0(.3#%' +%, 1#0060+/ ."8)$(0(28M9 +%, $% 2#%#/+0 +%8
+..0$1+'$(%) 4"#/# '"# )6/7+1# /(62"%#)) (7 3+'#/$+0 /(,) 36)' *# 1(%'/(00#,<
6"1"'&47"%2 32+("
!"# $%&#%'$(% "+) +0/#+,8 *##% 7+*/$1+'#, +%, '#)'#, 7(/ '"# 7+*/$1+'$(% (7 %+%('$.) 6)#, )6*)#V6#%'08 $%
)#%)$%2 #5.#/$3#%')< E 76%1'$(%$%2 ./('('8.# $) +' (6/ 0+*(/+'(/$#)<
!52'"
S#'"(, (7 7+*/$1+'$%2 )'/61'6/#)9 )'+/'$%2 7/(3
3+'#/$+0 /(,)<
J#7<QAIJQIJMYY
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#7#/) '( + 3#'"(, 7(/ '"# 7+*/$1+'$(% (7 (.'$1+0 %+%('$.) 7(/ )#%)$%2 +..0$1+'$(%)<
!"# '$.) +/# ./(,61#, *8 3#1"+%$1+008 /('+'$%2 +%, ,$..$%2 + )$0$1+ (.'$1+0 7$*/# $% + 1"#3$1+0 #'1"$%2
)(06'$(% K+V6#(6) "8,/(706(/$1 +1$,M 4$'" + ./('#1'$(% 1(&#/ 0+8#/< !8.$1+0 '$. 7#+'6/# )"(/' '+.#/ 0#%2'"
KzCOO {3M9 '6%#+*0# 1(%# +%20# K6. '( HO|M9 +%, )3+00 ./(*# '$. ,$3#%)$(% K}iO %3M< e"#% 3#'+0 1(+'$%2
$) %#1#))+/89 (.'$1+0 ./(*#) 4$'" 4#00-,#7$%#, +.#/'6/#) +/# (*'+$%#,< !"+%;) '( '"# )3+00 %+%(3#'/$1
/(62"%#)) (7 '"# )6/7+1#9 '"# 3#'+0 1(+'$%2 $) &$/'6+008 7/## (7 .$%"(0#) +%, ./#)#%') "$2" +,"#)$(%< !"#
./(*# 3+8 *# $,#+0 7(/ %#+/ 7$#0, (.'$1+0 $3+2$%2 +%, )#%)$%29 #).#1$+008 $%'/+1#0060+/9 +..0$1+'$(%)<
0335(%"" 839:;<=>?;<"%2-&;X"-75;D.3"&;/"''+;X535#+
<=>;C%3252.2":;CX0<
D+5%;C%1"%2&-:;0%/-"+;*+-.##5;
<&.%2-5"3:;GH?;@E
H-5&-52) /+2":;IWKIJKMJIU
6 ; ; ; ; ; ;
39
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
a@#'1"$%2 )'+'$1(9 .#/ 0+ )6+ )#3.0$1$'T ,$ 76%D$(%+3#%'(9 U )'+'( +3.$+3#%'# $3.$#2+'(< c6#)'+ '#1%$1+ U
.#/` 2(&#/%+'+ .+))$&+3#%'# ,+00+ )(06D$(%# ,$ +''+11( # ,+00j+3*$#%'#9 3#%'/#9 1(% 0+ '#1%$1+ 3#11+%$1+-
1"$3$1+ V6$ )&$06..+'+9 0# 1+/+''#/$)'$1"# ,#00# %+%(.6%'# 7+**/$1+'# .())(%( #))#/# #77$1+1#3#%'#
1(%'/(00+'# &+/$+%,( $ .+/+3#'/$ ,$ /('+D$(%# ,#00+ 16&#''+ # 0+ 7$*/+ <
*+#,(-&.%/
=0 3$20$(/+3#%'( ,#00+ '#1%$1+ ,$ 7+**/$1+D$(%# ,$ %+%()(%,# (/$2$%+/$+3#%'# )&$06..+'( .#/ 0+ 3$1/()1(.$+
(''$1+ $% 1+3.( &$1$%( KLIBSM U )'+'+ .($ )7/6''+'+ +%1"# %#00+ )#%)(/$)'$1+ *$(1"$3$1+< a# .$11(0#
,$3#%)$(%$ ,#00# %+%(.6%'# $% )$0$1# 1(%)#%'(%( +..0$1+D$(%$ ,$ )#%)(/$)'$1+ $%'/+1#0060+/#9 %(% ,$)'/6''$&+ ,#$
./(1#))$ 7$)$(0(2$1$ # *$(0(2$1$ %#0 %+%(-+3*$#%'#9 )600+ *+)# ,$ 6%+ 1(//#''+ 76%D$(%+0$DD+D$(%# 1"$3$1+ ,#00+
%+%(.6%'+< f0'#/$(/# +63#%'( ,#00+ )#%)$*$0$'T .6` #))#/# (''#%6'+ 1(% '#1%$1"# LGJL # !GJL<
N+%2+((5 " 044'5#+O5&%5
a+ '#1%$1+ ,$ #'1"$%2 3#11+%$1( - 1"$3$1( U )'+'+ )&$06..+'+ .#/ )6.#/+/# $ ./(*0#3$ 0#2+'$ +0 1(%'/(00( ,#00+
7(/3+ ,#0 3#%$)1( $% 1(//$).(%,#%D+ ,#00j$%'#/7+11$+ '/+ $0 0$V6$,( ,$ +''+11( # 0+ 7$*/+9 1"# $%706#%D+
,$/#''+3#%'# 0+ )$33#'/$+ # /62()$'T ,#00+ %+%(.6%'+< A(% $0 3$20$(/# 1(%'/(00( ,#0 ./(1#))(9 0+ /62()$'T
)6.#/7$1$+0# U 1(%'/(00+'+9 (''#%#%,( 6%+ V6+0$'T )6.#/7$1$+0# %('#&(03#%'# 3$20$(/+'+ # .#/3#''#%,(
0@6'$0$DD( ,$ '+0$ %+%(.6%'# .#/ +..0$1+D$(%$ +&+%D+'#< =%(0'/#9 V6#)'+ '#1%(0(2$+ "+ 6% *+))( 1()'( #, U 7+1$0#
,+ 6'$0$DD+/#< E..0$1+D$(%$F LIBS9 )#%)(/$ $%'/+1#0060+/$ K)'6,$ 7+/3+1(0(2$1$ # .#/ 0+ 7$)$(0(2$+ 1#0060+/#M9 # $%
2#%#/+0# '6''# 0# +..0$1+D$(%$ $% 16$ 0+ /62()$'T )6.#/7$1$+0# ,$ *+//#''# ,$ 3+'#/$+0# ,#&# #))#/# 1(%'/(00+'+<
E2+/5& /5 E15'.44&
a@$%&#%D$(%# U 2$T )'+'+ /#+0$DD+'+ # 1(00+6,+'+< I# #)$)'# 6% ./('('$.( 76%D$(%+%'#< !+0# ./('('$.( U
+''6+03#%'# 6'$0$DD+'( .#/ 1/#+/# 0# .6%'# LIBS 6'$0$DD+'# %#00@+3*$'( ,$ &+/$ ./(2#''$ ,$ /$1#/1+< a# )'#))#
%+%(.6%'# )(%( 6'$0$DD+'# 1(3# *$()#%)(/$ .#/ 3$)6/# $%'/+1#0060+/$<
!52&'&
S#'(,( ,$ 7+**/$1+D$(%# ,$ )'/6''6/# + .+/'$/# ,+
*+11"#''# ,$ 3+'#/$+0#<
J$7<QAIJQIJMYY
0B32-+#2
a@$%&#%D$(%# )$ /$7#/$)1# +, 6% 3#'(,( .#/ 0+ 7+**/$1+D(%# ,$ %+%(.6%'# $% 7$*/+ (''$1+ .#/ +..0$1+D$(%$
)#%)(/$)'$1"#9 ./(,(''# /6('+%,( # $33#/2#%,( 0+ 7$*/+ $% 6%+ )(06D$(%# 1(//()$&+ /$1(.#/'+ ,+ 6% 0$V6$,(
./('#''$&( +&#%'# ,$&#/)+ ,#%)$'T< a# %+%(.6%'# 1()X (''#%6'# .())(%( #))#/# 3(0'( 1(/'# KzCOO {3M9
1(% +%2(0$ +0 &#/'$1# 7$%( + HO|9 # 6%+ ,$3#%)$(%# +.$1+0# $%7#/$(/# + iO%3< L# %#1#))+/$(9 U +%1"#
.())$*$0# +..0$1+/# 6%( )'/+'( 3#'+00$1(< d/+D$# +00+ /62()$'T )6.#/7$1$+0# #)'/#3+3#%'# *+))+ K,#00@(/,$%#
,#$ %3M9 $0 /$1(./$3#%'( 3#'+00$1( U ./$&( ,$ 7(/$ # ./#)#%'+ 6%+ 2/+%,# +,#)$(%# )6.#/7$1$+0#< a#
%+%(.6%'# )(%( $,#+0$ .#/ +..0$1+D$(%$ LIBS # )#%)(/$)'$1"# K$% .+/'$1(0+/ 3(,( $%'/+1#0060+/$M<
!52&'+-";859:;<=>?;<"%2-&;X"-75;D.3"&;/"''+;X535#+
C3252.2&:;CX0<
C%1"%2&-";/5;-5A"-57"%2&:;0%/-"+;*+-.##5
!"--52&-5;/5;15("%O+:;GH?;@E
6+2+;/5;4-5&-52P:;IWKIJKMJIU
; ; ; ; ; ; ; ; ; ;
40
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
=% (/,#/ '( (*'+$% )#%)(/) 76008 $%'#2/+'#, $% '"# )'/61'6/+0 #0#3#%')9 1+/*(% 7$*#/) "+&# *##% 1(3.0#'#08
76%1'$(%+0$D#, 4$'" %+%(/(,) (7 D$%1 (5$,#9 + 3+'#/$+0 '"+' "+) .$#D(#0#1'/$1 #77#1' $% '"# ,$/#1'$(% (7
2/(4'" (7 '"# %+%(/(,)< !"# /#).(%)# )$2%+0 '( 3#1"+%$1+0 )'/#)) $) 1(00#1'#, *8 '"# 1+/*(% 7$*#/)
'"#3)#0&#) 4"$1" +/# #51#00#%' #0#1'/$1+0 1(%,61'(/)<
*+#,(-&.%/
!"# 6)# (7 1+/*(% 7$*#/) "+) #5.+%,#, '( 3+%8 7$#0,) (7 +..0$1+'$(%< A+/*(% 7$*#/) )"(4 #51#.'$(%+0
3#1"+%$1+0 ./(.#/'8 '(2#'"#/ 4$'" '"#$/ #5'/#3#08 0(4 4#$2"'< [(4#&#/ '"#/# $) '"# %##, '( #V6$. '"#
)'/61'6/+0 )8)'#3) *+)#, (% 1+/*(% 7$*#/) 4$'" )#%)(/) +*0# '( ,#'#/3$%# '"# )'/#)) (7 '"# )'/61'6/#< !"#
)#%)(/) %(/3+008 6)#, +/# %(' $%'#2/+'#, $%'( '"# )'/61'6/#) +%, "+&# + 4#$2"' +%, + *6/,#% #51#))$&#<
0/1+%2+("3 +%/ 044'5#+25&%
!"# 3+$% +,&+%'+2# (7 '"$) '8.# (7 .$#D(#0#1'/$1 )#%)(/) $) '"# .())$*$0$'8 '( *# 76008 $%'#2/+'#, 4$'"$% '"#
)'/61'6/# *+)#, (% 1+/*(% 7$*#/)< !"# )#%)$'$&# #0#3#%' KD$%1 (5$,#M $) $% %+%()'/61'6/#, 7(/39 ,$/#1'08 (%
1+/*(% 7$*#/)9 +%, '"#/# $) %( %##, (7 +,,$'$(%+0 1+*0$%29 )$%1# '"# 1+/*(% 7$*#/) '"#3)#0&#) +1' +)
1(%,61'(/)< !"#)# )#%)(/) 1+% *# $%)#/'#, $% +%8 )'/61'6/+0 #0#3#%' /#+0$D#, 4$'" 1+/*(% 7$*#/)<
6"1"'&47"%2;32+("
S60'$.0# ,#&$1#) 4#/# 1/#+'#, +' '"# 0+*(/+'(/8 0#&#0< !"# ."+)#) (7 '"# ./#.+/+'$(% +/# +00 #5'#%)$*0# '(
'"# $%,6)'/$+0 )1+0#< !"# +1'$&$'8 (7 $%)#/'$(% (7 '"#)# ,#&$1#) $% +1'6+0 )'/61'6/+0 #0#3#%') $) $% ./(2/#))<
q#/1#00+ )/0 $) '"# #5106)$&# 0$1#%)## 7(/ +6'(3('$&# +%, /+1$%2 3+/;#')<
0335(%""839:;<=>?;*"-#"''+ <+-B&% X5B"- 3\-\'\
<=>;C%3252.2":;CDGD
D+5% C%1"%2&-:;0%/-"+;^+44"225%5
<&.%2-5"3:;C!?;GH?;@E?;aH
H-5&-52) /+2":;MTKJUKMJIT
!52'"
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#0+'#) '( + .$#D(#0#1'/$1 ,#&$1# *+)#, (% D$%1 (5$,#9 '"+' 1+% *# 6)#, *('" +) +
)#%)(/ +%, +) +1'6+'(/<
S(/# .+/'$160+/089 '"# ./#)#%' $%&#%'$(% /#0+'#) '( + .$#D(#0#1'/$1 ,#&$1# 1(3./$)$%2 +' 0#+)' '4( 1/())#,
4$/#) $% 1+/*(% 7$*#/9 +' '"# $%'#/)#1'$(% (7 4"$1" $) ,$).()#, + 0+8#/ (7 D$%1 (5$,# $% '"# 7(/3 (7
w%+%(/(,)w9 $% 4"$1" (%# #%, (7 #+1" (7 )+$, 4$/#) $) 1(%%#1'#, '( +% (.#/+'$%2 6%$' 7(/ 3#+)6/$%2 '"#
#0#1'/$1+0 /#).(%)# (7 '"# )8)'#3 4"#% '"$) $) 6/2#, *8 +% #5'#/%+0 )'/#))<
; ; ; ; ;
g$#D(#0#1'/$1 ,#&$1# *+)#, (%Qy%B<
J#7<QAIJQIJUML
41
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
E0 7$%# ,$ (''#%#/# )#%)(/$ 1(3.0#'+3#%'# $%'#2/+'$ %#20$ #0#3#%'$ )'/6''6/+0$9 )(%( )'+'# /#+0$DD+'# 7$*/# ,$
1+/*(%$( 1(3.0#'+3#%'# 76%D$(%+0$DD+'# 1(% %+%(/(,) ,$ ())$,( ,$ D$%1(9 3+'#/$+0# 1"# ./#)#%'+ #77#''(
.$#D(#0#''/$1( %#00+ ,$/#D$(%# ,$ 1/#)1$'+ ,#$ %+%(/(,)< =0 )#2%+0# ,$ /$).()'+ +00# )(00#1$'+D$(%$ 3#11+%$1"#
&$#%# /+11(0'( ,+00# 7$*/# ,$ 1+/*(%$( )'#))#9 (''$3$ 1(%,6''(/$ #0#''/$1$<
*+#,(-&.%/
a@6)( ,#00# 7$*/# ,$ 1+/*(%$( )$ U #)'#)( + %63#/()$))$3$ 1+3.$ +..0$1+'$&$< a# 7$*/# ,$ 1+/*(%$( ./#)#%'+%(
$%7+''$ #11#D$(%+0$ ./(./$#'T 3#11+%$1"# $% /+..(/'( +0 0(/( .#)( #)'/#3+3#%'# 1(%'#%6'(< L$ +&&#/'#
'6''+&$+9 %#0 )#''(/# ,#$ 1(3.()$'$9 0+ %#1#))$'T ,$ ,('+/# $ )$)'#3$ )'/6''6/+0$ *+)+'$ )6 7$*/+ ,$ 1+/*(%$( ,$
)#%)(/$ +,#26+'$ +00@+%+0$)$ ,#20$ )7(/D$< = )#%)(/$ 6)+'$ %(/3+03#%'# %(% )(%( $%'#2/+'$ %#00# )'/6''6/# #
./#)#%'+%( 6% .#)( # 6% $%2(3*/( #11#))$&(<
N+%2+((5 " 044'5#+O5&%5
=0 &+%'+22$( ,$ V6#)'( '$.( ,$ )#%)(/$ .$#D(#0#''/$1$ U V6#00( ,$ #))#/# 1(3.0#'+3#%'# $%'#2/+'$ +00@$%'#/%(
,#00+ )'/6''6/+ ,$ 7$*/+ ,$ 1+/*(%$(< a@#0#3#%'( )#%)$*$0# K0@())$,( ,$ D$%1(M U ./#)#%'# $% 7(/3+
%+%()'/6''6/+'+ ,$/#''+3#%'# )600# 7$*/# ,$ 1+/*(%$( # %(% 1@U %#1#))$'+ ,$ 1+*0+'6/# +22$6%'$&#9 $% V6+%'(
0# 7$*/# ,$ 1+/*(%$( )'#))# 76%2(%( ,+ 1(%,6''(/#< c6#)'$ )#%)(/$ .())(%( #))#/# $%)#/$'$ $% V6+0)$+)$ '$.( ,$
#0#3#%'( /#+0$DD+'( 1(% 7$*/# ,$ 1+/*(%$(<
E2+/5& /5 E15'.44&
L(%( )'+'$ /#+0$DD+'$ 3(0'#.0$1$ ,$).()$'$&$ + 0$&#00( ,$ 0+*(/+'(/$(< a# 7+)$ ,$ ./#.+/+D$(%# )(%( '6''#
#)'#%,$*$0$ +00+ )1+0+ $%,6)'/$+0#< a@+''$&$'T ,$ $%)#/$3#%'( ,$ V6#)'$ ,$).()$'$&$ $% #77#''$&$ #0#3#%'$ )'/6''6/+0$
U $% &$+ ,$ )&(02$3#%'(< q#/1#00+ )/0 U 0$1#%D$+'+/$( #)106)$&( ,#00+ '#1%(0(2$+ .#/ $ )#''(/$ /+1$%2 #
+6'(3('$&#<
!52&'+-";859*+<=>?;*"-#"''+ <+-B&% X5B"- 3\-\'\
C3252.2&:;CDGD
C%1"%2&-";/5;-5A"-57"%2&:;0%/-"+;^+44"225%5
!"--52&-5&;/5;15("%O+:;C!?;GH?;@E?;aH
6+2+;/5;4-5&-52P:;MTKJUKMJIT
!52&'&
0B32-+#2
a+ ./#)#%'# $%&#%D$(%# /$26+/,+ 6% ,$).()$'$&( .$#D(#0#''/$1( + *+)# ,$ D$%1( ())$,(9 6'$0$DD+*$0# )$+ 1(3#
)#%)(/# 1"# 1(3# +''6+'(/#<
g$b $% .+/'$1(0+/#9 0+ ./#)#%'# $%&#%D$(%# /$26+/,+ 6% ,$).()$'$&( .$#D(#0#''/$1( 1(3./#%,#%'# +03#%(
,6# 7$0$ $%1/(1$+'$ $% 7$*/+ ,$ 1+/*(%$(9 +00@$%'#/)#D$(%# ,#$ V6+0$ U ,$).()'( 6%( )'/+'( ,$ D$%1( ())$,( $%
7(/3+ ,$ \%+%(/(,)]9 $% 16$ 6%@#)'/#3$'T ,$ (2%6%( ,$ ,#''$ 7$0$ U 1(00#2+'+ +, 6%@6%$'T (.#/+'$&+ .#/ 0+
3$)6/+ ,#00+ /$).()'+ #0#''/$1+ ,#0 )$)'#3+ V6+%,( V6#)'( &$#%# )(00#1$'+'( ,+ 6%( )7(/D( #)'#/%(<
&
Y$).()$'$&(Q.$#D(#0#''/$1(Q+Q*+)#Q,$QD$%1(Q())$,(<
J$7<QAIJQIJUML
42
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"+%;) '( '"# '8.$1+0 7#+'6/#) (7 '"# gGY '#1"%$V6#9 '"# 2/(4'" (7 '"# A=dL 0+8#/ (116/) ./#)#/&$%2
1(3.0#'#08 '"# )'($1"$(3#'/8 (7 '"# '+/2#' 3+'#/$+0 #&#% +' 0(4 '#3.#/+'6/#) K>OO|AM< [(4#&#/9 '"#
'#3.#/+'6/#) $%&(0&#, 0#+, '( + ,#2/+,+'$(% (7 '"# .#/7(/3+%1# (7 '"# )(6/1# $7 3+$%'+$%#, 7(/ 0(%2 '$3#
+%, '"# ,#.()$'$(% 7/(3 + )$%20# 26% ,(#) %(' 26+/+%'## + "$2" 8$#0, 7(/ '"# $%,6)'/$+0 ./(,61'$(%<
*+#,(-&.%/
!"# A6=%d+L#C KA=dLM $) /#+1"$%2 + 2/#+' $%'#/#)' +) 3+'#/$+0 7(/ ."('(&(0'+$1 +..0$1+'$(%< !"+%;) '( $') "$2"
(.'$1+0 +*)(/.'$(% 1(#77$1$#%'9 A=dL 1+% +*)(/* '"# '('+0$'8 (7 '"# )(0+/ 0$2"' $% + 7#4 3$1/(%) '"$1;%#))
+00(4$%2 '( /#+0$D# ."('(&(0'+$1 1#00) 4$'" #77$1$#%18 &+06#) ~+*(&# CO?< [(4#&#/9 '"# '#1"%$V6#) 6)#, )( 7+/
K1(-#&+.(/+'$(% +%, ).6''#/$%2M /#V6$/# "$2" )6*)'/+'# '#3.#/+'6/#) KiOO-hOO|AM +%, 1+6)# "$2" 4+)'# (7
3+'#/$+0 (% '"# 4+00) (7 '"# ,#.()$'$(% 1"+3*#/<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# .+'#%'#, '#1"%(0(28 (/$2$%+'#) 7/(3 '"# %##, '( $%)#/' '"# '#1"%$V6# gGY $%)$,# + 1(%'$%6(6)
./(,61'$(% 0$%# (7 ."('(&(0'+$1 3(,60#) +%, +00(4 *('" '( 3+$%'+$% .#/7(/3+%1# (7 '"# ('"#/ )(6/1#) 7(/
0(%2 .#/$(,) '"+%;) '( '"# "#+'$%2 (7 '"# )6*)'/+'# (%08 '"/(62" N(60# #77#1' *('" 2/(4 3$%$-3(,60#)
Ph5Ph13C ~'"+%;) '( + )6$'+*0# +//+%2#3#%' (7 +% +//+8 (7 )(6/1#) gGY<
6"1"'&47"%2 32+("
L#&#/+0 )(0+/ 1#00) "+&# *##% 2/(4% *8 gGY 4$'" #77$1$#%18 "$2"#/ '"+% Pi? 6)$%2 + 3#'+0-1(+'#, )(,+-0$3#
20+)) )6*)'/+'# "#+'#, *8 N(60# #77#1'< =' $) )'$00 $% '"# 1(3.0#'$(% ."+)# + &+1663 1"+3*#/ 7(/ '"#
,#&#0(.3#%' (7 + ./#-$%,6)'/$+0 ./(,61'$(% )8)'#3 7(/ A=dL )(0+/ 1#00 *+)#, (% '"# gGY '#1"%$V6# 4"#/#
'"# )(6/1#) "+&# *##% .()$'$(%#, '+;$%2 $% +11(6%' '"# /#)60') (*'+$%#, '"+%;) '( '"# )$360+'$(%)
./#)#%'#, $% '"#)# )'6,$#)<
0335(%""839:;<=>
<=>;C%3252.2":;CDGD
D+5% C%1"%2&-:;E2"A+%&;>+745%&
<&.%2-5"3:;C!
H-5&-52) /+2":;MSKJWKMJIT
!52'"
S#'"(, 7(/ 7+*/$1+'$%2 '"$%-7$03 )(0+/ 1#00)<
J#7<QAIJQIJUUW
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#7#/) '( + 3#'"(, 7(/ 2/(4$%2 '"$% 7$03 )(0+/ 1#00) *8 3#+%) (7 g60)#, G0#1'/(%
Y#.()$'$(% ./(1#)) KgGYM< !"$) '#1"%$V6# .#/3$') '"# /#+0$D+'$(% (7 )(0+/ 1#00) 4$'" + %#' /#,61'$(% (7 '"#
1()') '"+%;) '( 0(4#/ '#3.#/+'6/#) +%, #51#00#%' )'($1"$(3#'/$1 '/+%)7#/ (7 '"# 3+'#/$+0 7/(3 '"# '+/2#'
'( '"# )6*)'/+'#< !"#)# $,#+) +/# )6$'+*0# 7(/ '"$) ./(1#)) +%, ./(&$,# + )(06'$(% (7 '4( 1/$'$1+0 $))6#)F '"#
6%$7(/3$'8 (7 '"# ,#.()$'$(% (&#/ 0+/2# +/#+) +%, '"# $%1/#+)# (7 '"# gGY )'+*$0$'8 (7 '"# ./(1#)) (&#/
'$3#< !"# 7$/)' (%# $) /#)(0&#, '"/(62" '"# (.'$3$D+'$(% (7 +% +//+8 (7 gGY )(6/1#) +//+%2#, *#0(4 +
)6*)'/+'# 3(&#, 1(%&#%$#%'#08< !"# )#1(%, (%# 1+% *# (&#/'+;#% *8 ,$/#1'08 "#+'$%2 '"# )6*)'/+'# &$+
'"# N(60# #77#1' K0$3$'$%2 ,$).#/)$(%) +%, 3+))$&# #0#3#%') '"+' 6)6+008 /#+1"#) &#/8 "$2" '#3.#/+'6/#)
$% '"# 1"+3*#/ "#+'$%2 +00 '"# 4+00) +%, '"# ,#&$1# 0(1+'#, $%)$,#M<
H
; ; ; ; ; ;
43
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
d/+D$# +00# 1+/+''#/$)'$1"# ,#00+ '#1%$1+ gGY9 0+ 1/#)1$'+ ,#00( )'/+'( +&&$#%# ./#)#/&+%,( 1(3.0#'+3#%'# 0+
)'#1"$(3#'/$+ ,#0 3+'#/$+0# ,$ .+/'#%D+ K'+/2#'M +%1"# + *+))# '#3.#/+'6/# K>OO|AM< I(%()'+%'# V6#)'(9 0#
'#3.#/+'6/# $% 2$(1( .(/'+%( +, 6% ,#2/+,( ,#00# ./#)'+D$(%$ ,#00+ )(/2#%'# )# 3+%'#%6'# .#/ 06%2"$
.#/$(,$ # 0+ ,#.()$D$(%# ,+ )$%2(0( 1+%%(%# %(% 2+/+%'$)1# 6%+ #0#&+'+ /#)+ ,$ ./(,6D$(%# $%,6)'/$+0#<
*+#,(-&.%/
=0 A6=%d+L#C KA=dLM U 6% 3+'#/$+0# ,$ 2/+%,# $%'#/#))# .#/ 0@+..0$1+D$(%# %#0 1+3.( ,#0 7('(&(0'+$1(< d/+D$# +0
)6( #0#&+'$))$3( 1(#77$1$#%'# ,$ +))(/*$3#%'( (''$1(9 $0 A=dL /$#)1# +, +))(/*$/# 0+ '('+0$'T ,#00+ 061# )(0+/# $%
.(1"$ 3$1/(% ,$ ).#))(/# .#/3#''#%,( ,$ /#+0$DD+/# 1#00# 1(% &+0(/$ ,$ #77$1$#%D+ )6.#/$(/$ +0 CO?< !6''+&$+9 0#
'#1%$1"# 6'$0$DD+'# 7$%(/+ K1(-#&+.(/+D$(%# # ).6''#/$%2M %#1#))$'+%( ,$ +0'# '#3.#/+'6/# ,#0 )6*)'/+'( KiOO-
hOO|AM # 1+6)+%( #0#&+'$ )./#1"$ ,$ 3+'#/$+0# )600# .+/#'$ ,#00+ 1+3#/+ ,$ ,#.()$D$(%#<
N+%2+((5 " 044'5#+O5&%5
a+ '#1%(0(2$+ (22#''( ,#0 */#&#''( %+)1# ,+00+ %#1#))$'T ,$ $%)#/$/# 0+ '#1%$1+ gGY +00@$%'#/%( ,$ 6%+ 0$%#+ ,$
./(,6D$(%# $% 1(%'$%6( ,$ 3(,60$ 7('(&(0'+$1$ # .#/3#''# )$+ ,$ 3+%'#%#/# +0'/# ./#)'+D$(%$ ,#00# )(/2#%'$ .#/
06%2"$ .#/$(,$9 2/+D$# +0 /$)1+0,+3#%'( ,#0 )(0( )6*)'/+'( '/+3$'# #77#''( N(60#9 )$+ ,$ 1/#)1#/# 3$%$-3(,60$ ,$
Ph5Ph13C9 2/+D$# +00@(..(/'6%+ ,$ ,$).()$D$(%# ,$ 6% +//+8 ,$ )(/2#%'$ gGY<
E2+/5& /5 315'.44&
L(%( )'+'# 1/#)1$6'# '/+3$'# gGY ,$&#/)# 1#00# )(0+/$ 1(% #77$1$#%D+ )6.#/$(/# +0 Pi? 6'$0$DD+%,( 1(3#
)6*)'/+'( 6% &#'/( 3#'+00$DD+'( # /$)1+0,+3#%'( '/+3$'# #77#''( ^(60#W U $% 7+)# ,$ 1(3.0#'+3#%'( 6%+
3+11"$%+ .#/ 0( )&$06..( ./#-$%,6)'/$+0# ,$ 6% )$)'#3+ ,$ ./(,6D$(%# $% 1(%'$%6( ,$ 1#00# )(0+/$ + 7$03 )(''$0#
,$ A=dL *+)+'( )600+ '#1%$1+ gGY $% 16$ 0# )(/2#%'$ )(%( )'+'# .()$D$(%+'# )#1(%,( $ /$)60'+'$ (''#%6'$ $%
V6#)'$ )'6,$<
!52&'+-"859:;;<=>
C3252.2&:;CDGD
C%1"%2&-";/5;-5A"-57"%2&:;E2"A+%&;>+745%&
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;MSKJWKMJIT
!52&'&
S#'(,( ,$ 7+**/$1+D$(%# ,$ 1#00# )(0+/$ + 7$03 )(''$0#<
J$7<QAIJQIJUUW
0B32-+#2
a@$%&#%D$(%# /$26+/,+ 0+ /#+0$DD+D$(%# ,$ 1#00# )(0+/$ + 7$03 )(''$0# '/+3$'# ./(1#))( ,$ ,#.()$D$(%# +
#0#''/(%$ .60)+'$ Kg60)#, G0#1'/(% Y#.()$'$(% ( gGYM< a@6'$0$DD( ,$ V6#)'+ '#1%$1+ 1(%)#%'# 0+ 7+**/$1+D$(%#
,$ 1#00# )(0+/$ 1(% 6% %#''( +**+))+3#%'( ,#$ 1()'$ K'#3.#/+'6/# .$b *+))# # (''$3( '/+)7#/$3#%'(
)'#1"$(3#'/$1( ,#0 3+'#/$+0# ,+ '+/2#' + )6*)'/+'(M< a# $,## )&$06..+'# )(%( +..0$1+*$0$ + V6#)'( '$.( ,$
./(1#))( # ./#&#,(%( 0+ )(06D$(%# ,$ ,6# 1/$'$1$'T $3.(/'+%'$F 0j6%$7(/3$'T ,$ ,#.()$D$(%# )6 +3.$# +/## #
0@+63#%'( ,#00+ )'+*$0$'T ,#0 ./(1#))( gGY %#0 '#3.(< a+ ./$3+ U /$)(0'+ '/+3$'# 0j(''$3$DD+D$(%# ,$ 6%
+//+8 ,$ )(/2#%'$ gGY ,$).()'# +0 ,$ )(''( ,$ 6% )6*)'/+'( (..(/'6%+3#%'# 3(&$3#%'+'( # 0+ )#1(%,+
,+00j+..0$1+D$(%# ,#0 /$)1+0,+3#%'( ,$/#''+3#%'# +0 )6*)'/+'( '/+3$'# 0j#77#''( N(60# K0$3$'+%,(
,$).#/)$(%$ #, #0#3#%'$ 3+))$&$ 3(0'( 1+0,$ $% 1+3#/+ ,+ &6('(M<
*
; ; ; ; ; ; ; ; ; ;
44
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# ./(.()#, '#1"%(0(28 3+;#) $' .())$*0# '( 3$5 '( 7$%#:60'/+7$%# .(4,#/) $% + )$3.0# +%, #77$1$#%' 4+8<
g+/'$10# +22/#2+'#) 6%,#/2( + 1(%'$%6(6) */#+;-6. +%, /#-+22/#2+'$(% 3#1"+%$)3 ,6/$%2 )(6%, +))$)'#,
706$,$D+'$(%9 ,6# '( '"# &$)1(6) +%, $%#/'$+0 7(/1#) 2#%#/+'#, *8 '"# +..0$1+'$(% (7 '"# +1(6)'$1 7$#0,< !"$)
0#+,) '( '"# 7(/3+'$(% (7 "8*/$, +22/#2+'#)9 +%,9 '"#/#7(/#9 '( '"# 3$5$%2 (7 '"# .(4,#/)<
*+#,(-&.%/
A(33#/1$+008 +&+$0+*0# 3$5$%2 '#1"%$V6#) K4#' +%, ,/8 3$5$%2 3#'"(,)M ,#+0 ./$3+/$08 4$'" 0+/2#9 %(%-
1("#)$&#9 )."#/$1+0 .+/'$10#) K}>Os3M9 $<#< 4"#% '"# $%'#/.+/'$10# 7(/1#) +/# )3+00 1(3.+/#, '( '"# .+/'$10#
4#$2"'9 +%, '"#$/ /(0# $% 3$5$%2 1+% *# %#20#1'#,< E00 '"#)# '#1"%(0(2$1+0 +0'#/%+'$&#) )677#/ 7/(3 ,$77#/#%'
,$)+,&+%'+2#)9 '"6) 0#+,$%2 '( + .((/ 3$5$%2 V6+0$'89 4"#% +..0$#, '( 7$%# +%, 60'/+7$%# .+/'$10#)9 )$%1# '"#8
+/# +04+8) +220(3#/+'#,<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# '#1"%(0(28 $) %(' $%'/6)$&# K%( +,,$'$(%+0 #V6$.3#%' (/ 3+'#/$+0)M9 $' ,(#) %(' +0'#/ '"# .+/'$10#
./(.#/'$#)9 $' $) #1(%(3$1 +%, 6)#/-7/$#%,08< !"# .(4,#/) ,( %(' %##, '( "+&# +%8 .#160$+/ ./(.#/'8<
g('#%'$+008 $%'#/#)'#, $%,6)'/$#) +/# '"()# ,#+0$%2 4$'" '"# 3+%67+1'6/# (7 1()3#'$1)9 3#,$1$%#)9 7((,9
.0+)'$1)9 1+'+08)')9 *$(3+'#/$+0)9 3#'+0 7(+3)9 3#'+0 3$5'6/#)9 SGSL +%, 1(+'$%2<
6"1"'&47"%2 32+("
!"# #77#1'$&#%#)) (7 '"# .+'#%'#, '#1"%(0(28 "+) *##% ./(&#, +' + 0+*(/+'(/8 )1+0# *8 3#+%) (7 + 706$,$D#,
*#, /#+1'(/ KHO33 =YM #V6$..#, 4$'" + )8)'#3 7(/ '"# 2#%#/+'$(% (7 +1(6)'$1 7$#0,)< !"# L1+%%$%2 G0#1'/(%
S$1/()1(.8 4$'" r-/+8 3$1/(+%+08)$) KLGS:GYLM "+) *##% .#/7(/3#, (% )+3.0#) (7 706$,$D#, 3+'#/$+0) $%
(/,#/ '( (*'+$% '"# '$3# ,#.#%,#%1# (7 '"# 3$5$%2 $%,#5 +%, '"# 3$5$%2 1"+/+1'#/$)'$1 '$3#<
!52'"
S#'"(, +%, +..+/+'6) 7(/ 3$5$%2 (7 7$%# +%,
60'/+7$%# .(4,#/)<
J#7<QAIJQIJTJI
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#7#/) '( + 3#'"(, +$3$%2 '( '"# 3$5$%2 (7 7$%# +%, 60'/+7$%# 1("#)$&# .(4,#/)9
%+3#08 3$1/(- +%, %+%(-.+/'$10#) K}>O33M9 *+)#, (% '"# )(6%, +))$)'#, 706$,$D+'$(% '#1"%(0(28< L$%1#
'"#)# .+/'$10#) +/# +04+8) +220(3#/+'#, ,6# '( '"#$/ 0+/2# $%'#/.+/'$10# 7(/1#) K&+% ,#/ e++0)9 1+.$00+/8
+%, 1(60(3*$1M9 + 7$/)' ,#-+220(3#/+'$(% )'#.9 7(00(4#, *8 +% #77$1$#%' ,$).#/)$(% (7 '"# ,$77#/#%'
.+/'$10#) (7 (%# ).#1$#) $%'( '"# ('"#/)9 $) %#1#))+/8 7(/ (*'+$%$%2 + 2((, 3$5$%2 V6+0$'8< !"# +..0$1+'$(%
(7 +1(6)'$1 7$#0,) (7 ./(.#/ $%'#%)$'8 KPCi-PiO,qM +%, 7/#V6#%18 KCO->OO[DM $) 1+.+*0# (7 ./(3('$%2 +%
#77$1$#%' +22/#2+'#) */#+;6. 3#1"+%$)3 +%, .+/'$10# ,$).#/)$(% +%,9 $% '6/%9 +% #77$1$#%' 3$5$%2 (7
.(4,#/)< =% .+/'$160+/9 6%,#/ '"# *#)' (.#/+'$%2 1(%,$'$(%) '"# 3$5$%2 $%,#5 $) +04+8) &#/8 "$2" K+*(6' PM
+%, '"# 1"+/+1'#/$)'$1 3$5$%2 '$3# /#0+'$&#08 )3+00 K}HO3$%M<
0335(%"" 839:;<=>
<=>;C%3252.2":;C><
D+5% C%1"%2&-:;H+&'+;077"%/&'+
<&.%2-5"3:;;C!
H-5&-52) /+2":;IYKIIKMJIW
6 ; ; ; ; ; ;
45
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
a+ 706$,$DD+D$(%# +))$)'$'+ ,+ 1+3.$ +16)'$1$ .#/3#''# ,$ 3$)1#0+/# $% 3(,( )#3.0$1# #, #77$1$#%'# .(0&#/$
7$%$ #, 60'/+7$%$< =% .+/'$1(0+/#9 ,6/+%'# 0+ 706$,$DD+D$(%# 20$ +22/#2+'$ $%$D$+03#%'# ./#)#%'$ %#00# .(0&#/$
)(%( )(22#''$ + 1(%'$%6# ,$)2/#2+D$(%$ # /$1(3*$%+D$(%$9 2/+D$# +00@+D$(%# ,$ 7(/D# $%#/D$+0$ # &$)1()# ,(&6'#
+00@+..0$1+D$(%# ,#0 1+3.( +16)'$1(< A$` ,#'#/3$%+ 0+ 7(/3+D$(%# ,$ +22/#2+'$ $*/$,$9 1()'$'6$'$9 1$(U9 ,+
.(0&#/$ ,$&#/)#9 #9 V6$%,$9 0+ 3$)1#0+D$(%# ,#00# .(0&#/$<
*+#,(-&.%/
a# '#1%$1"# ,$ 3$)1#0+D$(%# (22$ ,$).(%$*$0$9 10+))$7$1+'# $% 3#'(,$ + )#11( # +, 63$,(9 )$ /$7#/$)1(%( +
.+/'$1#00# )7#/$1"# %(% 1(#)$&# 2/())(0+%# K>O{3M ,(&# 0# 7(/D# $%'#/.+/'$1#00+/$ )(%( '/+)16/+*$0$ /$).#''(
+00# 7(/D# ,$ '$.( 2/+&$'+D$(%+0#W '6''# ./#)#%'+%( )&+%'+22$ 1"# 1+6)+%( 6%+ )1+/)+ V6+0$'T ,#00+
3$)1#0+D$(%# )# +..0$1+'# + .(0&#/$ 7$%$ #, 60'/+7$%$9 #))#%,( V6#)'# )#3./# $% 7(/3+ ,$ +22/#2+'$<
N+%2+((5 " 044'5#+O5&%5
a+ '#1%(0(2$+ ./(.()'+ %(% /$1"$#,# +..+/#11"$+'6/# +22$6%'$&# %l +,,$'$&$ %#0 3+'#/$+0# ,+ 3$)1#0+/#9 %(%
+0'#/+ 0# ./(./$#'T ,#00# .+/'$1#00#9 U #1(%(3$1+ # ,$ )#3.0$1# 6'$0$DD(< a# .(0&#/$ %(% %#1#))$'+%( ,$ ./(./$#'T
.+/'$1(0+/$< a@$%&#%D$(%# )$ +..0$1+ +00+ ./(,6D$(%# ,$ 1()3#'$1$9 7+/3+1$9 +0$3#%'$9 .0+)'$1"#9 1+'+0$DD+'(/$9
*$(3+'#/$+0$9 )1"$63# 3#'+00$1"#9 3$)1#0# 3#'+00$1"#9 SGSL # /$&#)'$3#%'$ K1(+'$%2M<
E2+/5& /5 E15'.44&
a@#77$1+1$+ ,#00+ 706$,$DD+D$(%# +))$)'$'+ +16)'$1+3#%'# %#0 ./(36(&#/# 0+ 3$)1#0+D$(%# ,$ .(0&#/$ 1(#)$&# U
)'+'+ ,$3()'/+'+ )6 )1+0+ ,+ 0+*(/+'(/$( 3#,$+%'# 6% /#+''(/# + 0#''( 706$,( KHO33 =YM ,('+'( ,$ 6% )$)'#3+
.#/ 0+ 2#%#/+D$(%# ,$ 1+3.$ +16)'$1$< a+ 3$1/()1(.$+ #0#''/(%$1+ + )1+%)$(%# 1(% 3$1/(+%+0$)$ + /+22$ r
KLGS:GYLM )6 1+3.$(%$ ./#0#&+'$ ,+0 0#''( U )'+'+ 6'$0$DD+'+ +0 7$%# ,$ (''#%#/# 0@+%,+3#%'( '#3.(/+0#
,#00@$%,$1# ,$ 3$)1#0+D$(%# # $0 '#3.( 1+/+''#/$)'$1( ,$ 3$)1#0+D$(%#<
!52&'&
S#'(,(Q#,Q+..+/+'(Q.#/Q0+Q3$)1#0+D$(%#Q,$Q.(0&#/$Q
1()'$'6$'#Q,+Q.+/'$1#00#Q7$%$Q#,Q60'/+7$%$<
J$7<QAIJQIJTJI
0B32-+#2
a@$%&#%D$(%# /$26+/,+ 6% 3#'(,( 3$)1#0+/# .(0&#/$ + 1+/+''#/# 1(#)$&( 1()'$'6$'# ,+ .+/'$1#00# 7$%$ #,
60'/+7$%$9 (&&#/( 3$1/(- # %+%(-.+/'$1#00# K}>O33M9 *+)+'( )600+ 706$,$DD+D$(%# +))$)'$'+ ,+ 1+3.$ +16)'$1$<
!+0$ .+/'$1#00# )(%( )#3./# 1+/+''#/$DD+'# ,+00+ ./#)#%D+ ,$ +22/#2+'$9 + 1+6)+ ,#00# #0#&+'# 7(/D#
$%'#/.+/'$1#00+/$ K&+% ,#/ e++0)9 1+.$00+/$9 1(60(3*$+%#M9 ,6%V6# (''#%#/# 6%+ *6(%+ 3$)1#0+D$(%#
%#1#))$'+ )#3./# ,$ 6% ./$3( )'+,$( ,$ ,$)2/#2+D$(%# )#26$'( ,+ 6%@#77$1$#%'# ,$).#/)$(%# ,#00# .+/'$1#00#
,$ 6%+ ).#1$# %#00# +0'/#< a@+..0$1+D$(%# ,$ 1+3.$ +16)'$1$ ,$ (..(/'6%+ $%'#%)$'T KPCi-PiO,qM # 7/#V6#%D+
KCO->OO[DM ./(36(&# #77$1+1#3#%'# $0 3#11+%$)3( ,$ /(''6/+ ,#20$ +22/#2+'$ # ,$ ,$).#/)$(%# #9 V6$%,$9
0+ 3$)1#0+D$(%# ,#00# .(0&#/$< =% .+/'$1(0+/#9 0@$%,$1# ,$ 3$)1#0+D$(%# U )#3./# 3(0'( +0'( K1$/1+ PM #, $0
'#3.( 1+/+''#/$)'$1( ,$ 3$)1#0+D$(%# /#0+'$&+3#%'# *+))( K}HO3$%M<
!52&'+-";859:;<=>
C3252.2&:;C><
C%1"%2&-";/5;-5A"-57"%2&:;H+&'+;077"%/&'+
!"--52&-5;/5;15("%O+:;;C!
6+2+;/5;4-5&-52P:;IYKIIKMJIW
6 ; ; ; ; ; ; ; ; ; ;
46
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# '#1"%(0(28 $) *+)#, (% '"# 6)# (7 1(%,61'$&# (/2+%$1 .(083#/)9 1(%&#%$#%'08 ./#.+/#, $% +% +V6#(6)
)(06'$(% +%, ,#.()$'#, (% '"# .(/(6) 3+'#/$+0 7(/ +*)(/.'$(%< Z(00(4$%2 '/#+'3#%'9 '"# .(083#/ 7(/3) +
'"$% 7$03 (7 +*(6' COO %39 4"$1" 1(&#/) #+1" $%%#/ .+/' (7 '"# .(/(6) 3+'#/$+09 3+;$%2 $' '( +00 #77#1')
1(%,61'$&#< !"+%;) '( '"# ./#))6/#9 '"# )$,#) (7 '"# .(/#) 1(00+.)# (% (%# +%('"#/9 ./(.(/'$(%+008
$%1/#+)$%2 '"# 1(%,61'$(%<
*+#,(-&.%/
E1'$&# 3+'#/$+0) '"+' '/+%)7(/3 $%#/' ./(,61') $%'( )3+/' (*^#1')9 +*0# '( *#1(3# )#%)$'$&# ,6# '( )6$'+*08
$%'#2/+'#, )#%)(/)9 +/# +))63$%2 +% $%1/#+)$%208 +..0$1+'$&# $%'#/#)'< !"$) $) .())$*0# *8 3+;$%2 76%1'$(%+0
'"# )+3# 3+'#/$+0 '"/(62" %+%('#1"%(0(2$#) +%, )3+/' 3+'#/$+0)< !"#)# ,#&$1#) 36)'9 (7 1(6/)#9 *#
1(%&#%$#%'9 0(4 1()'9 ,6/+*0# +%, )'+*0#< Z(/ ./#))6/# )#%)(/)9 +''#3.') +' 76%1'$(%+0$D+'$(% "+&# *##%
3+,# 4$'" 2/+."#%#9 "(4#&#/9 )61" 3+'#/$+0 )'$00 1(%'$%6#) '( "+&# + "$2" 1()' +%, + 0+1; (7 1(%'$%6$'8 (7
'"# )'/61'6/# $')#07<
0/1+%2+("3 +%/ 044'5#+25&%3
S+;# +1'$&# +% $%#/' 3+'#/$+09 $% + )$3.0# +%, ,$/#1' 4+89 $% (/,#/ '( 7(/3 + )#%)$'$&# )'/61'6/# '"+' $) +*0#
'( /#).(%, '( '"# #%&$/(%3#%'< Z/(3 '"# $%,6)'/$+0 .($%' (7 &$#49 '"# +*$0$'8 %(' '( 1"+%2# '"# 6)# (7
1(33(% 3+'#/$+0)9 *6' )$3.08 /#%,#/ '"#3 76%1'$(%+09 +00(4) '"# /#+0$D+'$(% (7 + )#%)(/ +' 0(4 1()' +%,
)1+0+*0# '( '"# $%,6)'/$+0 ./(1#))9 4$'"(6' &+/8$%2 '"# )'/61'6/+0 1"+/+1'#/$)'$1)<
6"1"'&47"%2 32+("
!"# 76%1'$(%+0 3+'#/$+0 "+) *##% 3+,# (% ,$77#/#%' '8.#) (7 .(/(6) .(083#/ +%, "+) *##% )"(4% '( 3+;#
'"# )'/61'6/# 1(%,61'$&#< g/#))6/# )#%)(/) "+&# *##% /#+0$D#, (% +% (/'"(.#,$1 $%)(0#9 $% (/,#/ '(
3#+)6/# '"# .()'6/# ,6/$%2 4+0;$%2< E% #0#1'/(1"#3$1+0 )#%)(/ "+) *##% 3+,# '"+' $) 1+.+*0# (7
+*)(/*$%2 706$,) +%, +%+08D$%2 '"# 1(%'#%' (7 )+0') +%, ('"#/ (/2+%$1 1(3.(%#%') KE,/#%+0$%#9 Y(.+3$%#M<
!52'"
A(%,61'$&# .(083#/ ).(%2# 7(/ $%'#2/+'#, )#%)(/)
J#7<QAIJQIJTMW
0B32-+#2F
!"# $%&#%'$(% /#7#/) '( '"# 7$#0, (7 )#%)(/) 3+,# (7 1(33#/1$+0 3+'#/$+0) '"+' +00(4 8(6 '( 3+;# +1'$&#
('"#/4$)# .+))$&# 3+'#/$+0) K)3+/' 3+'#/$+0)9 +1'$&# 3+'#/$+0)9 $%'#/%#' (7 '"$%2)M 4$'"(6' 1"+%2$%2 '"#3
)'/61'6/# +%, 76%1'$(%+0$'8< =% .+/'$160+/9 '"# $%&#%'$(% /#0+'#) '( '"# 76%1'$(%+0$D+'$(% ./(1#)) (7 +%
#0+)'$1 .(/(6) 3+'#/$+09 )61" +) ).(%2#9 4$'" + 1(%,61'$&# .(083#/9 4"$1" +,"#/#) '( '"# $%%#/ 4+00) (7
'"# )'/61'6/#9 3+;$%2 $' #0#1'/$1+008 +1'$&#9 +%, '"#% +00(4$%2 '"# /#+0$D+'$(% (7 $%'#2/+'#, ./#))6/#
)#%)(/) $% $%,6)'/$+0 3+'#/$+0)9 )61" +) $%)(0#)9 3+''/#))#)9 .$00(4)9 70((/)< !"# (.#/+'$(%+0 ./$%1$.0# $)
*+)#, (% $%1/#+)$%2 '"# 16//#%' .+))$%2 '"/(62" '"# 3+'#/$+0 7(00(4$%2 '"# $%1/#+)# (7 ./#))6/# +%, (7
'"# $%%#/ 1(%'+1' (7 '"# .+/')< f)$%2 '"#)# 1(%,61'$&# 3+'#/$+0)9 $' $) +0)( .())$*0# '( /#+0$D# (/2+%$1
#0#1'/(1"#3$1+0 )#%)(/) $%'#2/+'#, ,$/#1'08 $% $%,6)'/$+0 3+'#/$+0)9 6)#760 7(/ '"# +%+08)$) (7 706$,)<
0335(%"";839:;<=>
<=>;C%3252.2":;CDGD
D+5%;5%1"%2&-:;=5#&'+;<&44"/b
<&.%2-5"3:;C!
H-5&-52) /+2":;MMKIMKMJIW
; ; ; ; ; ;
47
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
a+ !#1%(0(2$+ U *+)+'+ )600@6'$0$DD( ,$ .(0$3#/$ (/2+%$1$ 1(%,6''$&$9 ./#.+/+'$ (..(/'6%+3#%'# $% )(06D$(%#
+1V6()+ # ,#.()$'+'$ )60 3+'#/$+0# .(/()( .#/ +))(/*$3#%'(< =% )#26$'( + '/+''+3#%'$9 $0 .(0$3#/( 7(/3+ 6%
7$03 )(''$0# ,$ 1$/1+ COO %3 1"# /$1(./# (2%$ .+/'# $%'#/%+ ,#0 3+'#/$+0# .(/()( # 0( /#%,# + '6''$ 20$ #77#''$
1(%,6''$&(< d/+D$# +00+ ./#))$(%# 0# .+/'$ ,#$ .(/$ 1(00+))+%( 6%+ )600@+0'/+9 +63#%'+%,( ./(.(/D$(%+03#%'#
0+ 1(%,6D$(%#<
*+#,(-&.%/
S+'#/$+0$ +''$&$ 1"# /#%,+%( ./(,(''$ $%#/'$ &#/$ # ./(./$ (22#''$ $%'#00$2#%'$9 $% 2/+,( ,$ ,$&#%'+/# )#%)$*$0$
2/+D$# + )#%)(/$ (..(/'6%+3#%'# $%'#2/+'$9 '/(&+%( )#3./# .$b $%'#/#))# +..0$1+'$&(< A$` U .())$*$0#
/#%,#%,( 76%D$(%+0# $0 3+'#/$+0# )'#))( +''/+&#/)( %+%('#1%(0(2$# # 3+'#/$+0$ )3+/'< !+0$ ,$).()$'$&$ ,#&(%(
#))#/# 1(%&#%$#%'$9 + *+))( 1()'(9 ,6/#&(0$ # )'+*$0$< g#/ )#%)(/$ ,$ ./#))$(%#9 '#%'+'$&$ ,$ 76%D$(%+0$DD+D$(%#
)(%( )'+'$ 7+''$ 1(% $0 2/+7#%#9 1"# 3+%'$#%# .#/` 6% #0#&+'( 1()'( # 6%+ )1+/)+ 1(%'$%6$'T ,#00+ )'/6''6/+<
N+%2+((5 " 044'5#+O5&%5
J#%,#/# +''$&( 6% 3+'#/$+0# $%#/'#9 $% 3(,( )#3.0$1# # ,$/#''(9 .#/ /#+0$DD+/# 6%+ )'/6''6/+ )#%)$*$0# #, $%
2/+,( ,$ /$).(%,#/# +00@+3*$#%'#< Y+0 .6%'( ,$ &$)'+ $%,6)'/$+0#9 0+ 1+.+1$'T ,$ %(% 1+3*$+/# $ 3+'#/$+0$ ,$
6'$0$DD( 1(36%#9 3+ )#3.0$1#3#%'# 76%D$(%+0$DD+/0$ (..(/'6%+3#%'#9 .#/3#''# ,$ /#+0$DD+/# 6%+
)#%)(/$)'$1+ + *+))( 1()'( # )1+0+*$0# )60 ./(1#))( $%,6)'/$+0#9 )#%D+ &+/$+/%# 0# 1+/+''#/$)'$1"# )'/6''6/+0$<
E2+/5& /5 E15'.44&
=0 3+'#/$+0# 76%D$(%+0# U )'+'( /#+0$DD+'( )6 ,$&#/)$ '$.$ ,$ .(0$3#/( .(/()( # "+ ,$3()'/+'( ,$ /#%,#/#
1(%,6''$&+ 0+ )'/6''6/+< L(%( )'+'$ /#+0$DD+'$ )#%)(/$ ,$ ./#))$(%# )6 6%+ )(0#''+ (/'(.#,$1+9 +0 7$%# ,$
3$)6/+/# 0+ .()'6/+ ,6/+%'# 0+ ,#+3*60+D$(%#< G@ )'+'( /#+0$DD+'( 6% )#%)(/# #0#''/(1"$3$1( $% 2/+,( ,$
+))(/*$/# 706$,$ # +%+0$DD+/%# $0 1(%'#%6'( ,$ L+0$ # ,$ +0'/# 1(3.(%#%'$ (/2+%$1"# KE,/#%+0$%+9 Y(.+3$%+M<
!52&'&
L.62%+ .(0$3#/$1+ 1(%,6''$&+ .#/ )#%)(/$ $%'#2/+'$<
J$7<QAIJQIJTMW
0B32-+#2
a@$%&#%D$(%# )$ /$&(02# +0 1+3.( ,#00+ )#%)(/$)'$1+ /#+0$DD+'+ $% 3+'#/$+0$ 1(33#/1$+0$ 1"# .#/3#''(%( ,$
/#%,#/# +''$&$ 3+'#/$+0$ +0'/$3#%'$ .+))$&$ K)3+/' 3+'#/$+0)9 +1'$&# 3+'#/$+0)9 $%'#/%#' (7 '"$%2)M )#%D+
)'/+&(02#/%# 0+ )'/6''6/+ # 0+ 76%D$(%+0$'T< a@$%&#%D$(%# /$26+/,+ $0 ./(1#))( ,$ 76%D$(%+0$DD+D$(%# ,$ 6%
3+'#/$+0# .(/()( #0+)'$1(9 '$.( ).62%+9 1(% 6% .(0$3#/( 1(%,6''$&(9 1"# +,#/$)1# +00# .+/#'$ $%'#/%# ,#00+
)'/6''6/+ /#%,#%,(0# #0#''/$1+3#%'# +''$&# # V6$%,$ .#/3#''#%,( 0+ /#+0$DD+D$(%# ,$ )#%)(/$ ,$ ./#))$(%#
$%'#2/+'$ $% 3+'#/$+0$ $%,6)'/$+0$9 V6+0$ )(0#''#9 3+'#/+))$9 16)1$%$9 .+&$3#%'$< =0 ./$%1$.$( ,$ 76%D$(%+3#%'(
)$ *+)+ )600@$%1/#3#%'( ,#00+ 1(//#%'# 1"# .+))+ +''/+&#/)( $0 3+'#/$+0# 1(% 0@+63#%'+/# ,#00+ ./#))$(%# #
,#0 1(%'+''( $%'#/%( ,#00# .+/'$< A(% V6#)'$ 3+'#/$+0$ 1(%,6''$&$ U $%(0'/# .())$*$0# /#+0$DD+/# ,#$ )#%)(/$
#0#''/(1"$3$1$ (/2+%$1$ $%'#2/+'$ ,$/#''+3#%'# %#$ 3+'#/$+0$ $%,6)'/$+0$9 6'$0$ .#/ 0@+%+0$)$ ,$ 706$,$<
!52&'+-";859:;<=>
C3252.2&:;CDGD
C%1"%2&-";/5;-5A"-57"%2&:;=5#&'+;<&44"/b
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;MMKIMKMJIW
6 ; ; ; ; ; ; ; ; ; ;
48
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# ./#)#%' $%&#%'$(% .#/3$') '( (*'+$% "(3(2#%#(6) +%, 1(3.+1' 1(+'$%2) (% + 4$,# &+/$#'8 (7
)6*)'/+'#)9 *8 )'+/'$%2 7/(3 +% +V6#(6) )(06'$(% 4"$1" $) 1"#+. +%, #+)8 '( 3+%67+1'6/#< S60'$-,$..$%29
,/8$%2 +%, .()'-16/# '/#+'3#%') +00(4 '( (.'$3$)# '"# ,6/+*$0$'8 $% +22/#))$&# #%&$/(%3#%') +%, +,"#)$(%
(% '"# )6*)'/+'#<
*+#,(-&.%/
!"# ,#&#0(.3#%' (7 D#(0$'# 1(+'$%2) $) (7 .+/'$160+/ $%'#/#)' $% '"# 7$#0, (7 '"#/3+008 ,/$&#% +,)(/.'$(% "#+'
.63.)9 +1'$&+'#, *8 )(0+/ "#+' (/ 4+)'# "#+'9 +%, $% ,#"63$,$7$1+'$(% +%, 4+)'# "#+' /#1(&#/8 7$#0,)<
=%,##,9 *8 #3.0(8$%2 +,)(/*#%' 1(+'$%2)9 '"#/3+0 #77$1$#%18 (7 )61" '#1"%(0(2$#) $) $%1/#+)#,9 '"6) +00(4$%2
7(/ +% #%"+%1#3#%' $% ).#1$7$1 1((0$%2 .(4#/ ,#%)$'89 +%, '"#/#7(/# 0#+,$%2 '( 3(/# 1(3.+1' +%,
0$2"'4#$2"' )8)'#3)<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# ,#&#0(.#, '#1"%$V6# +00(4) '"# /#+0$D+'$(% (7 + 1(3.()$'# 1(+'$%2 4$'" "$2" 1(%'#%' $% D#(0$'#9
#3.0(8$%2 + )$0+%# 3+'/$5 4$'"(6' +01("(0$1 )(0&#%')< S(/#(&#/9 '"# ./(1#)) +00(4) + /#,61'$(% (7
3+%67+1'6/$%2 1()')< Z$%+0 ./(,61' $) "8,/(."(*$1 +%, '"#/#7(/# 1+% *# +..0$#, 7(/ ,#"63$,$7$1+'$(% (/
&+.(6/ +,)(/.'$(% +0)( $% 1(//()$&# +%, +22/#))$&# #%&$/(%3#%')<
6"1"'&47"%2 32+("
=%&#%'$(% "+) +0/#+,8 *##% /#+0$)#, +%, '#)'#, K!Ja HM< E ./('('8.# *+)#, (% '"# $%&#%'$(% $) 6%,#/
,#&#0(.3#%'<
!52'"
!#1"%$V6# 7(/ '"# ./(,61'$(% (7 + 1(3.()$'# +,)(/*#%'
1(+'$%2 4$'" 4+'#/ +) )(0&#%'9 +%, /#0+'#, +..0$1+'$(%)<
J#7<QAIJQIJTWW
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#7#/) '( + '#1"%$V6# 7(/ '"# ./(,61'$(% (7 + 1(3.()$'# +,)(/*#%' 1(+'$%2 *8
3#+%) (7 "8,/(08)$) (7 + )$0+%# )(0-2#0 4$'" 4+'#/ +) )(0&#%'9 7(00(4#, *8 3$5$%2 (7 '"# )(06'$(% 4$'" 0(4-
)$0$1+'# 1(%'#%' D#(0$'#)< Z$%+0 ./(,61' $) + D#(0$'# 1(+'$%2 +,"#/$%2 '( '"# )6*)'/+'#9 4"$1" 1+% #$'"#/ *#
)'##09 +063$%$639 1(..#/9 '"#/3(.0+)'$1 (/ '"#/3()#''$%2 .(083#/)9 .+$%' +%, 1(+'$%2< S+$% 7#+'6/#) (7
'"# 1(+'$%2 +/#F + "$2" 1(%'#%' (7 D#(0$'# 7$00#/9 1"#+. 3+%67+1'6/$%2 1()') +%, #+)8 3+%67+1'6/$%2
./(1#))9 /#)$)'+%1# '( 1(//()$&# #%&$/(%3#%'< !"# ./(,61'9 '"+%;) '( $') &#/)+'$0$'89 1+% *# +..0$#, $%
)#&#/+0 7$#0,)9 *('" $%,6)'/$+0 +%, /#)$,#%'$+09 )61" +) +$/ '/#+'3#%'9 +,)(/.'$(% "#+' .63.)9 )'(/+2#) +%,
4+)'# "#+' /#1(&#/8<
0335(%"" 839:;<=>?;@%51"-352) &A;D"335%+
<=>;C%3252.2":;C!0G
D+5% C%1"%2&-:;0%("'&;X-"%5
<&.%2-5"3:;C!
H-5&-52) /+2":;UIKJYKMJIW
6 ; ; ; ; ; ; ; ;
49
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
a+ '#1%$1+ 1(%)#%'# ,$ (''#%#/#9 )6 3(0'#.0$1$ '$.(0(2$# ,$ )6*)'/+'$9 /$&#)'$3#%'$ D#(0$'$1$ (3(2#%#$ #
1(3.+''$ .+/'#%,( ,+ 6%+ )(06D$(%# +1V6()+ ,$ 7+1$0# ./#.+/+D$(%# # 1()'$ 1(%'#%6'$< a+ )'/+'$7$1+D$(%#
360'$-,$..$%2 # $ '/+''+3#%'$ ,$ ,/8$%2 # .()'-16/+9 1(%)#%'(%( ,$ 3+))$3$DD+/# 0+ ,6/+*$0$'T ,#0 ./(,(''(
+%1"# $% +3*$#%'$ +22/#))$&$ # 0+ V6+0$'T ,#00@+,#)$(%# +0 )6*)'/+'(<
*+#,(-&.%/
a( )&$06..( ,$ /$&#)'$3#%'$ +,)(/*#%'$ ,$ '$.( D#(0$'$1( +))63# .+/'$1(0+/# $3.(/'+%D+ %#0 )#''(/# ,#00#
.(3.# ,$ 1+0(/# +, +,)(/*$3#%'( +D$(%+'# ,+ #%#/2$+ '#/3$1+ K#%#/2$+ )(0+/#9 1+0(/$ ,$ )1+/'(M # %#$ )$)'#3$
,$ ,#63$,$7$1+D$(%# # /#16.#/( ,$ 1+0(/#< =%7+''$9 0@$3.$#2( ,$ /$&#)'$3#%'$ +,)(/*#%'$ +63#%'+ 0j#77$1$#%D+
'#/3$1+ ,$ V6#)'# '#1%(0(2$#9 .#/3#''#%,( 1()X 6% +63#%'( ,#00+ .('#%D+ /+22$6%2$*$0# # V6$%,$ 0+
1(3.+''#DD+ ,#$ )$)'#3$<
N+%2+((5 " 044'5#+O5&%5
=0 3#'(,( .#/3#''# ,$ /#+0$DD+/# 6% /$&#)'$3#%'( 1(3.()$'( +, +0'( '#%(/# ,$ D#(0$'# )6 3+'/$1# )$0+%$1+
)#%D+ 6'$0$DD+/# )(0&#%'$ +01(0$1$< =%(0'/#9 $0 ./(1#))( )&$06..+'( 1(%)#%'# ,$ /$,6//# $ 1()'$ ,$ ./(,6D$(%#< =0
./(,(''( 7$%+0# "+ 1+/+''#/$)'$1"# $,/(7(*# +00@+1V6+ $% 7+)# 0$V6$,+ # '/(&+ (''$3+0# +..0$1+D$(%# $% )$)'#3$ ,$
,#63$7$1+D$(%# ( +,)(/*$3#%'( ,#0 &+.(/# ,j+1V6+ +%1"# $% +3*$#%'$ +22/#))$&$ # 1(//()$&$<
E2+/5&;/5;E15'.44&
=%&#%D$(%#Q2$TQ/#+0$DD+'+Q#Q'#)'+'+QK!JaQHM<Qg/('('$.(Q*+)+'(Q)6Q'+0#Q$%&#%D$(%#Q$%Q7+)#Q,$Q/#+0$DD+D$(%#<
!52&'&
S#'(,( .#/ ./(,6//# 6% /$&#)'$3#%'( 1(3.()$'(
+,)(/*#%'# + *+)# ,$ +1V6+9 /$&#)'$3#%'( 1()X
(''#%6'( # )6# +..0$1+D$(%$<
J$7<QAIJQIJTWW
0B32-+#2
a@$%&#%D$(%# )$ /$7#/$)1# +, 6% 3#'(,( .#/ ./(,6//# 6% /$&#)'$3#%'( 1(3.()$'( +,)(/*#%'# + *+)# ,$
D#(0$'$ + *+))( 1(%'#%6'( ,$ )$0$1#9 3#,$+%'# $,/(0$)$ ,$ 6%+ )(06D$(%# )(0-2#0 )$0+%$1+ 6'$0$DD+%,( +1V6+
1(3# )(0&#%'#< =0 ./(,(''( 7$%+0# U 6% /$&#)'$3#%'( D#(0$'$1( +,#)( +0 )6*)'/+'( 1"# .6` #))#/#9 +11$+$(9
+0063$%$(9 /+3#9 &#'/(9 .0+)'$1+ '#/3(.0+)'$1+ ( '#/3($%,6/#%'#9 &#/%$1# ( .$''6/+< =0 /$&#)'$3#%'(
./#)#%'+ 6% #0#&+'( '#%(/# ,$ 7$00#/ D#(0$'$1(9 /$)60'+ #))#/# ,$ 7+1$0# ./(,6D$(%#9 #1(%(3$1(9 ,6/#&(0#
+%1"# $% +3*$#%'$ +22/#))$&$ ( 1(//()$&$< !+0# ./(,(''(9 2/+D$# +00+ )6+ &#/)+'$0$'T9 .6` #))#/# 6'$0$DD+'( $%
,$&#/)$ )#''(/$ +..0$1+'$&$ %#0 1+3.( $%,6)'/$+0# # 1$&$0#9 V6+0$ )$)'#3$ ,$ '/+''+3#%'( +/$+9 .(3.# ,$ 1+0(/#
+, +,)(/*$3#%'(9 )$)'#3$ .#/ 0@+116360( #, $0 /#16.#/( ,$ 1+0(/#<
!52&'+-";859:;<=>?;@%51"-352P;/5;D"335%+
C3252.2&:;C!0G;
C%1"%2&-";/5;-5A"-57"%2&:;0%("'&;X-"%5
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;UIKJYKMJIW
6 ; ; ; ; ; ; ; ; ; ;
50
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# ,#&#0(.#, '#1"%$V6# .#/3$') '( (*'+$% "$2"08-.(/(6) D#(0$'#-*+)#, 7(+3) *8 /#+1'$%2 + "8,/$,# _
)$0+%(0 )$0+%# 3$5'6/# 4$'" 4+'#/ +%, #'"+%(0 +) )(0&#%'9 '"#% +,,$%2 +063$%(-."()."+'# D#(0$'#) )61" 6)
LEgB>H< !"# 7$%+0 ./(,61' $) ./(.#/08 '/#+'#, '"#/3+008 '( 26+/+%'## "$2" 3#1"+%$1+0 +%, '"#/3+0
)'+*$0$'8<
*+#,(-&.%/
I(4+,+8)9 6)# (7 D#(0$'#-*+)#, .(083#/$1 7(+3) $) 0$3$'#, '( 0(4-'#3.#/+'6/# +..0$1+'$(%) KCi->O|AM9 )61"
+) 7$0'#/$%2 )8)'#3)< !"$) ./(,61' 4+) (%-.6/.()#08 ,#&#0(.#, '( 26+/+%'## "$2" '"#/3+0 +%, 3#1"+%$1+0
)'+*$0$'8 7(/ +..0$1+'$(% $% '"# 7$#0, (7 '"#/3+008 ,/$&#% +,)(/.'$(% "#+' .63.)9 +1'$&+'#, *8 )(0+/ "#+' (/
4+)'# "#+'9 +%, $% ,#"63$,$7$1+'$(% +%, 4+)'# "#+' /#1(&#/8 KHO-PPO|AM<
0/1+%2+("3 +%/ +44'5#+25&%3
!"# ,#&#0(.#, '#1"%$V6# +00(4) '( /#+0$)# "#+' #51"+%2#/ 4$'" #3*#,,#, D#(0$'# 7(+3) ./#)#%'$%2 "$2"
3#1"+%$1+0 +%, '"#/3+0 )'+*$0$'89 4$'" '"# +$3 (7 $3./(&$%2 3+)) '/+%)7#/ ./(.#/'$#) K7(/ #5+3.0#9 (7 4+'#/
&+.(6/M9 '"+%;) '( '"# "$2"08 .(/(6) 7/+3#4(/; (7 '"# 7(+3< L61" + ./(,61' $) )6$'+*0# 7(/ +..0$1+'$(%) $%
+,)(/.'$(% "#+' .63.)9 )(/.'$(% )'(/+2# +%, "#+' /#1(&#/8 )8)'#3)<
6"1"'&47"%2 32+("
=%&#%'$(% "+) +0/#+,8 *##% /#+0$)#, +%, '#)'#, K!Ja HM< E ./('('8.# *+)#, (% '"# $%&#%'$(% $) 6%,#/
,#&#0(.3#%'<
!52'"
S#'"(, 7(/ '"# ./(,61'$(% (7 D#(0$'#-*+)#,
+,)(/*#%' 7(+3) +%, /#0+'#, +..0$1+'$(%)<
J#7<QAIJQIJTWS
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#7#/) '( + 3#'"(, 7(/ '"# ./(,61'$(% (7 D#(0$'#-*+)#, 7(+3)9 *8 /#+1'$%2 +
"8,/$,# +%, )$0+%(0 )$0+%# 3$5'6/# 4$'" 4+'#/ +%, #'"+%(0 +) )(0&#%'< !"# 7$%+0 ./(,61' $) 3#1"+%$1+008
+%, '"#/3+008 )'+*0# +%, 1+% *# #77#1'$&#08 +..0$#, (% ,$77#/#%' "#+' #51"+%2#/ '8.#) K#<2< u)"#00 +%,
'6*#v9 u7$%%#, '6*#)vM 3+,# (7 &+/$(6) 3+'#/$+0) K)'##09 +063$%$639 1(..#/9 '"#/3(.0+)'$1 (/
'"#/3()#''$%2 .(083#/)M< !"# +,)(/*#/ /#)60'$%2 7/(3 '"# $%'#2/+'$(% (7 '"# D#(0$'#-*+)#, 7(+3) $%'( '"#
"#+' #51"+%2#/ .())#))#) $3./(&#, "#+' +%, 3+)) '/+%)7#/ ./(.#/'$#)9 4"$1" 1+% *# '/+%)0+'#, '( "$2"#/
.(4#/ ,#%)$'8 +%, 1(3.+1'%#))<
B.'$3+0 6)# (7 '"# ,#&#0(.#, ./(,61' $) $% +,)(/.'$(% '#1"%(0(2$#) 7(/ +..0$1+'$(% $% '"# 7$#0, (7 '"#/3+0
#%#/28 6'$0$D+'$(% K+,)(/.'$(% "#+' .63.)9 "#+' /#1(&#/8 +%, "#+' )'(/+2#M<
0335(%"" 839:;<=>?;@%51"-352) &A;D"335%+
C%3252.2":;C!0G
D+5% C%1"%2&-:;0%("'&;X-"%5
<&.%2-5"3:;C!
H-5&-52) /+2":;ITKJLKMJIW
; ; ; ; ; ; ; ;
51
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 3#'(,( ./(.()'( .#/3#''# ,$ (''#%#/# 6%+ )1"$63+ D#(0$'$1+ +,)(/*#%'# 7+1#%,( /#+2$/# 6%+ 3$)1#0+ ,$
6% )$0+%( $,/6/$1( 1(% 6% )$0+%(0( $% )(06D$(%# ,$ +1V6+ #, #'+%(0( # +22$6%2#%,( )611#))$&+3#%'# 6% 7$00#/
D#(0$'$1( ./#7#/$*$03#%'# ,$ '$.( +0063$%(-7()7+'( K#)< LEgB >HM< =0 ./(,(''( /$)60'+'# U (..(/'6%+3#%'#
'/+''+'( '#/3$1+3#%'# .#/ 2+/+%'$/# #0#&+'+ )'+*$0$'T '#/3(3#11+%$1+<
*+#,(-&.%/
a@$3.$#2( ,$ )1"$63# D#(0$'$1"# 1"# 6'$0$DD+%( 1(3# 3+'/$1# ,#$ .(0$3#/$ "+ '/(&+'( +..0$1+D$(%# 0$3$'+'+ K#)
%#$ )$)'#3$ ,$ 7$0'/+22$(M9 ,(&# 0# '#3.#/+'6/# )(%( 2#%#/+03#%'# *+))# K$%'(/%( +$ Ci->O|AM< =0 ./(,(''(
./(.()'( U )'+'( +..()$'+3#%'# )&$06..+'(9 # ./#)#%'+ (''$3+0# )'+*$0$'T '#/3(3#11+%$1+9 .#/ 0@$3.$#2( %#0
)#''(/# ,#00# .(3.# ,$ 1+0(/# +, +,)(/*$3#%'( +D$(%+'# ,+ #%#/2$+ '#/3$1+ K#%#/2$+ )(0+/#9 1+0(/$ ,$ )1+/'(M<
N+%2+((5;";044'5#+O5&%5
=0 3#'(,( ./(.()'( 1(%)#%'# ,$ /#+0$DD+/# )1+3*$+'(/$ ,$ 1+0(/# /$&#)'$'$ 1(% )1"$63# D#(0$'$1"# +, +0'+
)'+*$0$'T '#/3(3#11+%$1+ +0 7$%# ,$ 3$20$(/+/%# 0# ./(./$#'T ,$ '/+)7#/$3#%'( ,$ 3+))+ K&+.(/# +1V6#(M9 2/+D$#
+00+ )'/6''6/+ +0'+3#%'# .(/()+ ,#00+ )1"$63+ D#(0$'$1+< !+0# ./(,(''( '/(&+ +..0$1+D$(%# (''$3+0# %#0 )#''(/#
,#00# .(3.# ,$ 1+0(/# +, +,)(/*$3#%'( #, $% )$)'#3$ ,$ +116360( '#/3$1( # /#16.#/( ,$ 1+0(/#<
E2+/5&;/5;E15'.44&
=%&#%D$(%#Q2$TQ/#+0$DD+'+Q#Q'#)'+'+QK!JaQHQM<Qg/('('$.(Q*+)+'(Q)6Q'+0#Q$%&#%D$(%#Q$%Q7+)#Q,$Q/#+0$DD+D$(%#<
!52&'&
S#'(,( .#/ ./(,6//# 6%+ )1"$63+ D#(0$'$1+
+,)(/*#%'#9 )1"$63+ 1()X (''#%6'+ # )6#
+..0$1+D$(%$<
J$7<QAIJQIJTWS
0B32-+#2
a@$%&#%D$(%# )$ /$7#/$)1# +, 6% 3#'(,( .#/ ./(,6//# )1"$63# D#(0$'$1"# 7+1#%,( /#+2$/# 6%+ 3$)1#0+ ,$ 6%
)$0+%( $,/6/$1( 1(% 6% )$0+%(0( $% )(06D$(%# ,$ +1V6+ #, #'+%(0(< =0 ./(,(''( /$)60'+%'# ./#)#%'+ #0#&+'+
)'+*$0$'T '#/3(3#11+%$1+ # .6` #))#/# 7+1$03#%'# +..0$1+'( + V6+06%V6# 2#(3#'/$+ ,$ )1+3*$+'(/# ,$
1+0(/# K#)< 7+)1$( '6*$#/( ( +0#''+'(M9 /#+0$DD+'( 1(% &+/$ 3+'#/$+0$ K+11$+$(9 +0063$%$(9 /+3#9 &#'/(9 .0+)'$1+
'#/3(.0+)'$1+ ( '#/3($%,6/#%'#M< a@+,)(/*$'(/# /$)60'+%'# ,+00@$%'#2/+D$(%# ,#00+ )1"$63+ ,$ D#(0$'# 1(%
0( )1+3*$+'(/# ,$ 1+0(/# .())$#,# 3$20$(/$ ./(./$#'T ,$ )1+3*$( '#/3$1( # ,$ 3+))+ 1"# 1(%)#%'(%( ,$
+63#%'+/# 0+ /#0+'$&+ ,#%)$'T ,$ .('#%D+ # V6$%,$ 0+ 1(3.+''#DD+ ,#0 )$)'#3+< =3.$#2( (''$3+0# U %#00#
'#1%(0(2$# +, +,)(/*$3#%'( .#/ +..0$1+D$(%# %#0 )#''(/# ,#00( )7/6''+3#%'( ,#00@#%#/2$+ '#/3$1+ K.(3.#
,$ 1+0(/#9 /#16.#/( #, +116360( '#/3$1(9 #'1ÄM <
; ; ; ; ; ; ; ; ; ;
!52&'+-";859:;<=>?;@%51"-352P;/5;D"335%+
C3252.2&:;C!0G;
C%1"%2&-";/5;-5A"-57"%2&:;0%("'&;X-"%5
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;ITKJLKMJIW
52
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# )8)'#39 1(%)$)'$%2 (7 '"# 3$1/(-%+%()'/61'6/#, +/1"$'#1'6/# +%, '"# ,+'+-+%+08)$) 3#'"(,9 $) +*0# '(
,#'#1' '"# 2+)#) $% '"# #%&$/(%3#%' +%, '( ./#,$1' '"#$/ 1(%1#%'/+'$(% '"+%;) '( ).#1$7$1 \7$%2#/./$%')] (7
#+1" 2+)9 ./#&$(6)08 1+.'6/#, $% (/,#/ '( '/+$% '"# ,#&$1#<
*+#,(-&.%/
!"# +%+08)$) (7 2+)#) $% '"# #%&$/(%3#%' K%+'6/+09 6/*+% +%, $%,6)'/$+0M $) 2#''$%2 3(/# +%, 3(/# $3.(/'+%'
%(4+,+8)< Z(/ '"$) /#+)(% 4# %##, 3$%$+'6/$D#,9 1"#+. )#%)(/) 1+.+*0# '( ,#'#1' ,$77#/#%' 2+)#)<
!"# )'+'# (7 '"# +/'9 *('" $% )1$#%'$7$1 .+.#/) ,#)1/$*$%2 '"$) ;$%, (7 )#%)(/ +%, $% /#+0 1(33#/1$+0 ./(,61')9
+/# *+)#, (% +//+8) (7 )#%)(/) K7/(3 + ,(D#% '( )#&#/+0 '#%)M 3+,# (7 ,$77#/#%' 3+'#/$+0)<
0/1+%2+("3 +%/;044'5#+25&%3
!"#Q./#)#%' $%&#%'$(% 1(60, "+&# +% $33#,$+'#Q1(33#/1$+0$D+'$(% $%Q'"#Q7$#0, *#1+6)# $' +00(4) '( /#.0+1#
+% +//+8 (7 )#%)(/) 3+,# (7 ,$77#/#%' 3+'#/$+0) K4$'" /#0+'$&#Q,$77#/#%' *(6%,+/8 1(%,$'$(%)M9Q4$'" (%# )$%20#Q
3#'+0Q(5$,#9Q0(4Q1()' +%,Q#+)8Q'( 6)#<
6"1"'&47"%2 32+("
EQ./('('8.# (7 )#%)(/ 7+*/$1+'#, 7(00(4$%2 '"$) 3#'"(,(0(28 "+) *##% *6$0' +%,Q'#)'#,9Q./(&$%2 '( *# +*0#
'( /#1(2%$D# +00 '"#Q'+/2#'Q2+)#) 6)#, 4$'" "$2"Q./#1$)$(%9Q*('" V6+0$'+'$&#08 +%,QV6+%'$'+'$&#08<QEQ)#1(%,9Q
$3./(&#, ./('('8.# $) *#$%2 )'6,$#,<
!52'"
L#%)(/8 )8)'#3 *+)#, (% 3#'+0 (5$,#) 7(/ '"#
V6+0$'+'$&# +%, V6+%'$'+'$&# ,#'#1'$(% (7
)6*)'+%1#)9 $% .+/'$160+/ 2+)#(6) )6*)'+%1#)9 $% +%
#%&$/(%3#%'<
J#7<QAIJQIJT[J
0B32-+#2
!"# $%&#%'$(% /#7#/) '( + 3#'"(,(0(28 7(/ '"# )#0#1'$&# ,#'#1'$(% (7 2+)#)9 '"#$/ $,#%'$7$1+'$(% *('"
V6+0$'+'$&# +%, V6+%'$'+'$&#9 '"/(62" '"# 6)# (7 + )$%20# %+%()'/61'6/#, 3#'+0 (5$,#<
!"# )6*^#1' 3#'"(, +00(4) '( 6)# 1(%,61'(3#'/$1 )#%)(/)9 /#+0$D#, 4$'" %+%()'/61'6/#) 3+,# (7 + )$%20#
3#'+0 (5$,#9 '( ,#'#1' +%, /#1(2%$D# '"# +'3()."#/# +/(6%, '"# ,#&$1#<
e$'" '"$) 3#'"(,(0(28 $' $) .())$*0# %(' (%08 '( ,$)'$%26$)" '"# '+/2#' 2+) 4"$1" $) $% '"# 1"+3*#/9 *6'
+0)( '"# 1(%1#%'/+'$(% (7 '"# 2+) $')#07<
0335(%"" 839:;<=>
<=>;C%3252.2":;CDGD
D+5% C%1"%2&-:;D+22"&;!&%"OO"-
<&.%2-5"3:;;C!
H-5&-52) /+2":;UJKJLKMJIS
6 ; ; ; ; ; ;
53
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 )$)'#3+ 1()'$'6$'( ,+00@+/1"$'#''6/+ 3$1/(-%+%()'/6''6/+'+ # ,+00+ 3#'(,(0(2$+ ,$ +%+0$)$ ,#$ ,+'$ U $%
2/+,( ,$ $%,$&$,6+/# $ 2+) ./#)#%'$ %#00@+3*$#%'# # ,$ ./#,$/%# 0+ 1(%1#%'/+D$(%# 2/+D$# +, +..()$'#
\$3./(%'# ,$2$'+0$] ,$ 1$+)16% 2+)9 +1V6$)$'# $% ./#1#,#%D+ .#/1"l $0 ,$).()$'$&( $3.+/$ + /$1(%()1#/# 1$+)16%
2+)<
*+#,(-&.%/
a@+%+0$)$ ,#$ 2+) ./#)#%'$ %#00@+3*$#%'# K%+'6/+0#9 6/*+%( # $%,6)'/$+0#M )'+ +))63#%,( )#3./# 3+22$(/#
$3.(/'+%D+< g#/ V6#)'( )(%( %#1#))+/$ )#%)(/$ 3$%$+'6/$DD+'$9 .(1( 1()'()$ # $% 2/+,( ,$ /$0#&+/# ,$&#/)$ 2+)<
E00( )'+'( ,#00@+/'#9 $ )#%)(/$ ,$ 2+) )#0#''$&$ ,#)1/$''$ %#20$ +/'$1(0$ )1$#%'$7$1$ ( ./#)#%'$ )60 3#/1+'( )(%(
1(3.()'$ ,+ +//+8 ,$ )#%)(/$ K,+ 6%+ ,(DD$%+ + 3(0'# ,#1$%# ,$ ,$).()$'$&$M /#+0$DD+'$ 1(% 3+'#/$+0$ ,$77#/#%'$<
N+%2+((5 " 044'5#+O5&%5
a+ '#1%(0(2$+ (22#''( ,#0 */#&#''( "+ 6%@$33#,$+'+ /$1+,6'+ 1(33#/1$+0# .($1"l .#/3#''# ,$ /$3.$+DD+/#
6%+ )#/$# ,$ )#%)(/$ ,$ 3+'#/$+0$ ,$&#/)$ K1(% /#0+'$&$ /#V6$)$'$ ,$ 1(%,$D$(%$ +0 1(%'(/%(M9 1(% 6% )(0( ())$,(
3#'+00$1(9 #1(%(3$1( # ,$ 7+1$0# 6'$0$DD(<
E2+/5& /5 E15'.44&
f% ./('('$.( ,$ )#%)(/# *+)+'( )6 V6#)'+ '#1%(0(2$+ U )'+'( 1()'/6$'( # '#)'+'(9 ,$3()'/+%,( ,$ .('#/
/$1(%()1#/# $ 2+) 1+3.$(%# 6)+'$ 1(% 2/+%,# ./#1$)$(%# )$+ V6+0$'+'$&+3#%'# 1"# V6+%'$'+'$&+3#%'#< f%
)#1(%,( ./('('$.(9 .$b +&+%D+'(9 U +00( )'6,$(<
!52&'&
L$)'#3+ )#%)(/$+0# + *+)# ,$ ())$,$ 3#'+00$1$ .#/ 0+
/$0#&+D$(%# V6+0$'+'$&+ # V6+%'$'+'$&+ ,$ )()'+%D#9 $%
.+/'$1(0+/# )()'+%D# +#/$7(/3$ $% 6% +3*$#%'#<
J$7<QAIJQIJT[J
0B32-+#2
a@$%&#%D$(%# /$26+/,+ 6%+ 3#'(,(0(2$+ .#/ 0+ /$0#&+D$(%# )#0#''$&+ ,$ )()'+%D# 2+))()# # 0+ 0(/(
$,#%'$7$1+D$(%# V6+0$'+'$&+ # V6+%'$'+'$&+ +''/+&#/)( 0@6)( ,$ 6% )(0( ())$,( 3#'+00$1( %+%()'/6''6/+'(<
=0 3#'(,( $% (22#''( .#/3#''# ,$ 6'$0$DD+/# )#%)(/$ 1(%,6''(3#'/$1$ 7(/3+'$ ,+ %+%()'/6''6/# 1(3.()'#
,+ 6% )(0( ())$,( 3#'+00$1( .#/ /$1(%()1#/# 0@+'3()7#/+ +''(/%( +0 ,$).()$'$&(<
A(% V6#)'+ 3#'(,(0(2$+ U .())$*$0# %(% )(0( /$1(%()1#/# $0 '$.( ,$ 2+) ./#)#%'#9 3+ +%1"# 0+
1(%1#%'/+D$(%# ,#0 2+) )'#))(<
!52&'+-";859:;<=>
C3252.2&:;CDGD
C%1"%2&-";/5;-5A"-57"%2&:;D+22"&;!&%"OO"-
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;UJKJLKMJIS
6 ; ; ; ; ; ; ; ; ; ;
54
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# >Y BGA! $) 3+,# 7/(3 '"#/3(.0+)'$1 K%80(%M .(4,#/) *8 ABC 0+)#/ )$%'#/$%2 (7 '"# $%,$&$,6+0 0+8#/) (7
'"# (*^#1'< !"# +1'$&# #0#3#%')9 4"$1" +/#9 '"# #0#1'/$1+0 1(%'+1') (7 )(6/1#9 ,/+$% +%, 2+'# +%, '"#
)#3$1(%,61'(/ 0+8#/ $% gGYB!F gLL9 4#/# (*'+$%#, /#).#1'$&#08 *8 gRY +%, ,$.-1(+'$%2 '#1"%$V6#)<
*+#,(-&.%/
!"# $%&#%'$(% "+) *##% 1(%1#$&#, 4$'"$% + /#)#+/1" +1'$&$'8 7(/ '"# ,#&#0(.3#%' (7 $%%(&+'$&#
#0#1'/(,#):)#%)(/) 7(/ '"# $%-&$&( +1V6$)$'$(% (7 *$(0(2$1+0 )$2%+0)< =% (/,#/ '( (.'$3$D# '"# $%'#/7+1$%2 +%,
'"# /#+0-'$3# /#1(/,$%2 (7 '"# +1V6$/#, ,+'+9 + '"/##-,$3#%)$(%+0 )'/61'6/# (7 +% BGA! '/+%)$)'(/ *+)#, (%
)#3$1(%,61'(/ .(083#/) 4+) "8.('"#)$D#,< =% '"# )'+'# (7 '"# +/' (7 0$'#/+'6/#9 >Y )'/61'6/#) +/#
,(163#%'#, (%08 7(/ 7$#0, #77#1' '/+%)$)'(/) KBZG!)M *6' %(%# /#0+'#, '( >Y BGA!)<
0/1+%2+("3 +%/ 044'5#+25&%3
E,&+%'+2#)F 0(4 1(%)'/61'$(% 1()'9 "$2"#/ )#%)$'$&$'8 4$'" /#).#1' '( )'+%,+/, .0+%+/ 1(%7$26/+'$(%)9 ).##,
+%, "$2" 70#5$*$0$'8 (7 >Y /#-,#)$2% (7 '"# ,#&$1#9 1(%7(/3+*$0$'8 '( ,$77#/#%' +..0$1+'$(% )1#%+/$()<
S+$% +..0$1+'$(%) $% '"# *$(3#,$1+0 7$#0, K.+$% '"#/+.89 #%D83+'$1 3(%$'(/$%29 %#6/(-'/+%)3$''#/) )'6,89 <<<M<
6"1"'&47"%2 32+("
L(3# ./('('8.#) 4$'" ,$77#/#%' 2#(3#'/$1 7#+'6/#) "+&# +0/#+,8 *##% )611#))76008 1(%)'/61'#, +%,
'#)'#,< !"# 16//#%' !Ja 1(//#).(%,) '( &+06# H< !#1"%(0(2$1+0 ,#&#0(.3#%') +%, /#0+'#, #5.#/$3#%')
"+&# +0/#+,8 *##% ./(2/+33#, '( +1"$#&# + !Ja i 4$'"$% + )"(/' '$3#<
0335(%""839:;;<=>
<=>;C%3252.2":;CDGD
D+5% 5%1"%2&-:;D+22"&;<&#.OO+
<&.%2-5"3:;C!
H-5&-52) /+2":;MMKJUKIY
!52'"
!"/##-,$3#%)$(%+0QB/2+%$1QG0#1'/(1"#3$1+0Q
!/+%)$)'(/QKBGA!MQ+%,Q$')Q3+%67+1'6/$%2Q3#'"(,<
J#7<QAIJQIJWIJ
0B32-+#2
E% $%%(&+'$&# )#%)$%2 ,#&$1# "+) *##% ,#&#0(.#,< =' $) *+)#, (% '"# +/1"$'#1'6/# (7 B/2+%$1
G0#1'/(A"#3$1+0 !/+%)$)'(/ KBGA!M 4$'" + 0+/2# #5.()#, )6/7+1# (7 '"# +1'$&# 3+'#/$+0 KgGYB!-gLLM9
#5.0($'$%2 + >Y 1(%7$26/+'$(% +%, '#1"%(0(28< !"# "$2" )6/7+1# +/#+ +00(4) "$2" )#%)$'$&$'8 +%, '"# +*$0$'8
'( (.#% %#4 +..0$1+'$(% )1#%+/$() 7(/ '"# '8.# (7 )#%)(/9 #).#1$+0089 *6' %(' #5106)$&#089 $% '"# *$(3#,$1+0
7$#0,< !"# ,#&$1# "+) *##% /#+0$D#, *8 3#+%) (7 .(083#/$1 E,,$'$&# S+%67+1'6/$%2 K>Y ./$%'$%2M
'#1"%(0(2$#) +%, $% .+/'$160+/ *8 >Y ./$%'$%2 '"/(62" )$%'#/$%2 (7 '"#/3(.0+)'$1 .(4,#/)< !"# +1'$&#
#0#3#%') K#0#1'/$1+0 1(%'+1') +%, )#%)$'$&# 7$03 3+,# (7 gGYB!FgLLM 4#/# $%'#2/+'#, *8 1(3*$%$%2
3$1/(3+1"$%$%2 '#1"%(0(2$#)<
H
; ; ; ; ; ;
55
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
a@BGA! >Y U )'+'( /#+0$DD+'( + .+/'$/# ,+ .(0&#/$ ,$ 3+'#/$+0# '#/3(.0+)'$1( K%80(%M 3#,$+%'#
)$%'#/$DD+D$(%# ,+ 0+)#/ ABC ,#$ )$%2(0$ )'/+'$ 1()'$'6#%'$ 0@(22#''(< d0$ #0#3#%'$ +''$&$9 (&&#/( $ 1(%'+''$
#0#''/$1$ ,$ )(6/1#9 ,/+$% # 2+'# # 0( )'/+'( )#3$1(%,6''$&( $% gGYB!FgLL9 )(%( )'+'$ (''#%6'$
/$).#''$&+3#%'# 3#,$+%'# '#1%$1+ gRY # ,$.-1(+'$%2<
*+#,(-&.%/
a@$%&#%D$(%# U )'+'+ 1(%1#.$'+ +00@$%'#/%( ,$ 6%@+''$&$'T ,$ /$1#/1+ .#/ 0( )&$06..( ,$ #0#''/(,$:)#%)(/$
$%%(&+'$&$ .#/ 0@+1V6$)$D$(%# $%-&$&( ,$ )#2%+0$ *$(0(2$1$< E0 7$%# ,$ (''$3$DD+/# 0@$%'#/7+11$+3#%'( # 0+
/#2$)'/+D$(%# /#+0-'$3# ,#$ ,+'$ +1V6$)$'$9 U )'+'+ $.('$DD+'+ 6%+ )'/6''6/+ '/$,$3#%)$(%+0# ,$ 6% '/+%)$)'(/
BGA! *+)+'( )6 .(0$3#/$ (/2+%$1$ )#3$1(%,6''(/$< E00( )'+'( ,#00@+/'# ,#00+ 0#''#/+'6/+ )(%( ,(163#%'+'#
)'/6''6/# >Y )(0( .#/ '/+%)$)'(/ +, #77#''( ,$ 1+3.( KBZG!M 3+ %#))6%+ /#0+'$&+ + BGA! >Y<
N+%2+((5;";044'5#+O5&%5
R+%'+22$F *+))( 1()'(9 #0#&+'+ )#%)$*$0$'T /$).#''( + 1(%7$26/+D$(%$ .0+%+/$9 &#0(1$'T #, #0#&+'+ 70#))$*$0$'T ,$
/#-,#)$2% ,#00+ 7(/3+ >Y ,#0 ,$).()$'$&(9 1(%7(/3+*$0$'T + ,$&#/)$ )1#%+/$ +..0$1+'$&$< g/$%1$.+0$ +..0$1+D$(%$ $%
+3*$'( *$(3#,$1+0# K'#/+.$+ ,#0 ,(0(/#9 3(%$'(/+22$( #%D$3+'$1(9 )'6,$( ,$ %#6/(-'/+)3#''$'(/$9 ÄM<
E2+/5&;/5;E15'.44&
L(%( 2$T )'+'$ /#+0$DD+'$ # '#)'+'$ 1(% )611#))( +016%$ ./('('$.$ 1(% 1+/+''#/$)'$1"# 2#(3#'/$1"# ,$&#/)#< =0
!Ja +''6+0# 1(//$).(%,# +0 &+0(/# H< L(%( )'+'$ 2$T ./(2/+33+'$ )&$06..$ '#1%(0(2$1$ # /#0+'$&$ #).#/$3#%'$
.#/ 1(%)#26$/# 6% !Ja i #%'/( */#&# '#3.(<
!52&'+-";859: <=>
C3252.2&:;CDGD
C%1"%2&-";/5;-5A"-57"%2&:;D+22"&;<&#.OO+
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;MMKJUKMJIY
!52&'&
!/+%)$)'(/Q'/$,$3#%)$(%+0#Q,#0Q'$.(QB/2+%$1
G0#1'/(A"#3$1+0 !/+%)$)'(/QKBGA!MQ#Q/#0+'$&(Q
3#'(,(Q,$Q7+**/$1+D$(%#<QQQQQQQQQQQQQQQQQQ
J$7<QAIJQIJWIJ
0B32-+#2
G@ )'+'( )&$06..+'( 6% ,$).()$'$&( )#%)(/$)'$1( $%%(&+'$&( *+)+'( )600@+/1"$'#''6/+ ,#20$ B/2+%$1
G0#1'/(A"#3$1+0 !/+%)$)'(/ KBGA!M +, #0#&+'+ )6.#/7$1$# #).()'+ ,#0 3+'#/$+0# +''$&( KgGYB!-gLLM
)7/6''+%,( 6%+ 1(%7$26/+D$(%# #, 6%+ '#1%(0(2$+ ,$ /#+0$DD+D$(%# >Y< a@#0#&+'+ )6.#/7$1$# #).()'+
1(%)#%'# #0#&+'+ )#%)$*$0$'T # .())$*$0$'T ,$ +./$/# %6(&# )1#%+/$ +..0$1+'$&$ .#/ 0+ '$.(0(2$+ ,$ )#%)(/#9
.+/'$1(0+/3#%'#9 +%1"# )# %(% #)106)$&+3#%'#9 $% +3*$'( *$(3#,$1+0#< =0 ,$).()$'$&( U )'+'( /#+0$DD+'(
3#,$+%'# '#1%(0(2$# ,$ E,,$'$&# S+%67+1'6/$%2 K>Y ./$%'$%2M .(0$3#/$1( #, $% .+/'$1(0+/# 3#,$+%'#
)'+3.+ >Y .#/ )$%'#/$DD+D$(%# ,$ .(0&#/$ '#/3(.0+)'$1"#< d0$ #0#3#%'$ +''$&$ K1(%'+''$ #0#''/$1$ # 7$03
)#%)$*$0# $% gGYB!FgLLM )(%( )'+'$ $%'#2/+'$ 3#,$+%'# 1(3*$%+D$(%# ,$ '#1%(0(2$# ,$ 3$1/(3+1"$%$%2<
*
; ; ; ;;";!"#%&'&(5";4"-;'QG%"-(5+;";5;!-+34&-25
56
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# )#%)(/ 1(%)$)') (7 +% #0#1'/(1"#3$1+0 '/+%)$)'(/ 3+,# #%'$/#08 (% 1(''(% '"/#+, +%, $) '"#/#7(/#
'('+008 *$(1(3.+'$*0# +%, 1(3#) +' + 0(4 1()'< Z6/'"#/3(/# '"# /#+,(6' #0#1'/(%$1) $) &#/8 )$3.0# +%,
+0)( 1"#+.<
*+#,(-&.%/
g/#1$)$(% +2/$160'6/# +%, )3+/' +2/$160'6/# +/# *+)#, (% + 4$,#)./#+, 6)# (7 )#%)(/) '"+' +/# +*0# '(
3(%$'(/ #&#/8 )'+2# (7 +2/$160'6/+0 ./(,61'$(%< E0'"(62" 3+%8 '8.#) (7 )#%)(/) +/# %(4 (% '"# 3+/;#'9
%(%# (7 '"#3 $) +*0# '( ./(&$,# ,$/#1' V6+%'$'+'$&# ,+'+ (7 '"# )'+'6) (7 .0+%' "#+0'" (% + 1(%'$%6(6) +%,
%(% $%&+)$&# *+)$)<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# )#%)(/ $) '('+008 *$(1(3.+'$*0# +%, 1(3#) +' + 0(4 1()'< =' $) .())$*0# '( 3(%$'(/ (% + 1(%'(%6(6) *+)$)
'"# ."8)$(0(2$1+0 )'+'# (7 + .0+%' +%, '( /#1(2%$D# #+/08 *$('$1 +%, +*$('$1 )'/#))#)< =' '"#/#7(/# ./(&$,#) '"#
3()' )$2%$7$1+%' ,+'+ 7(/ '"# (.'$3$D+'$(% (7 4+'#/ /#)(6/1#)9 7#/'$0$D#/) +%, .#)'$1$,#)<
6"1"'&47"%2 E2+("
!"# )#%)(/ "+) +0/#+,8 *##% '#)'#, (% '(3+'(#)9 4"#+' +%, 2/6* )1/#4)< q$(1(3.+'$*$0$'8 "+) +0/#+,8
*##% ,#3(%)'/+'#,< !"# )#%)(/ "+) ./(&#% '( *# +*0# '( 2$&# +% #+/08 +0+/3 (7 ,/(62"' 4$'" /#2+/, '(
'(3+'(#)< E 0(4-1()' #0#1'/(%$1) )8)'#3 '"+' 4(/;) $% 1#00) (/ 2/##%"(6)#) "+) +0/#+,8 *##% ,#&#0(.#,<
E% #0#1'/(%$1 /#+,$%2 '"+' 1+% +0)( *# 6)#, $% (.#% 7$#0,) $) 6%,#/ ,#&#0(.3#%'<
0335(%""839:;<=>
<=>;C%3252.2":;CDGD;
D+5% 5%1"%2&-:;0%/-"+;^+44"225%5
<&.%2-5"3:;C!?;H<!
H-5&-52) /+2":;MUKIMKMJIS
!52'"
L#%)(/9Q)8)'#39Q+%,Q3#'"(,Q'(Q3#+)6/#Q
*$(1"#3$1+0Q.+/+3#'#/)Q$%Q'"#Q.0+%'Q083."<
J#7<QAIJQIJWI[
0B32-+#2
g/#1$)$(% +2/$160'6/# +%, )3+/' +2/$160'6/# /#V6$/# '"# 6)# (7 )#%)(/) '"+' 1+% 1(%'$%6(6)08 3(%$'(/ '"#
"#+0'" (7 + .0+%' +%, )"+/# '"# /#0+'$&# ,+'+ 4$'" +% $%'#2/+'#, )8)'#3< !"# )#%)(/ ,#&#0(.#, *8 6)
1(%'$%6+008 +%+08D#) '"# .0+%'j) 083." +%, '"#/#7(/# +00(4) 6) '( 3(%$'(/ $') ."8)$(0(2$1+0 )'+'# +%, '(
/#1(2%$D# +' +% #+/08 )'+2# +%8 *$('$1 +%, +*$('$1 )'/#))#)< =' $) "$2"08 *$(1(3.+'$*0#9 "+) +0/#+,8 *##%
$%'#2/+'#, $% '/##) +%, "#/*+1#(6) .0+%') +%, "+) *##% )"(4% '( ./(&$,# + 10#+/ )$2%+0 (7 4+'#/ )'/#)) $%
'(3+'(#) +' +% #+/08 )'+2#< =' '"#/#7(/# ./(3$)#) '( *# '"# 3()' )$2%$7$1+%' '((0 7(/ (.'$3$D$%2 4+'#/9
7#/'$0$D#/ +%, .#)'$1$,#)<
H
; ; ; ; ; ;
57
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 )#%)(/# U 1()'$'6$'( ,+ 6% '/+%)$)'(/ #0#''/(1"$3$1( /#+0$DD+'( $%'#/+3#%'# )6 7$0( ,$ 1('(%# # V6$%,$ U
'('+03#%'# *$(1(3.+'$*$0# # *+))( 1()'(< =%(0'/#9 0@#0#''/(%$1+ ,$ 0#''6/+ U 3(0'( )#3.0$1# # +%1"@#))+ +
*+))( 1()'(<
*+#,(-&.%/
a@+2/$1(0'6/+ ,$ ./#1$)$(%# # 0+ )3+/' +2/$1(0'6/# )$ *+)+%( )6 6% 6)( ,$776)( ,$ )#%)(/$)'$1+ $% 2/+,( ,$
3(%$'(/+/# (2%$ )'+,$( ,#00+ ./(,6D$(%# +2/$1(0+< q#%1"l )$+%( (/3+$ ./#)#%'$ )60 3#/1+'( 3(0'#.0$1$
'$.(0(2$# ,$ )#%)(/$9 %#))6%+ ,$ V6#)'# U $% 2/+,( $% 1(%'$%6+ # $% 3(,( %(% $%&+)$&( ,$ 7(/%$/# 6% ,+'(
V6+%'$'+'$&( ,$/#''( ,#00( )'+'( ,$ )+06'# ,#00# .$+%'#<
N+%2+((5 " 044'5#+O5&%5
=0 )#%)(/# U '('+03#%'# *$(1(3.+'$*$0# # + *+))( 1()'(< g#/3#''# ,$ 3(%$'(/+/# $% 1(%'$%6+ 0( )'+'(
7$)$(0(2$1( ,$ 6%+ .$+%'+ # ,$ /$1(%()1#/# ./#1(1#3#%'# #&#%'6+0$ )'/#)) *$('$1$ # +*$('$1$< Z(/%$)1# V6$%,$ $0
,+'( .$b )$2%$7$1+'$&( .#/ 0@(''$3$DD+D$(%# ,#00# /$)(/)# $,/$1"#9 ,#$ 1(%1$3$ # ,#20$ +%'$.+/+))$'+/$<
E2+/5&;/5;E15'.44&
=0 )#%)(/# U 2$T )'+'( '#)'+'( $% .(3(,(/(9 $% 7/63#%'( # $% &$'#< a+ *$(1(3.+'$*$0$'T U 2$T )'+'+
,$3()'/+'+< =0 )#%)(/# "+ ,$3()'/+'( ,$ .('#/ ,+/# 6% )#%+0# ./#1(1# ,$ )'/#)) $,/$1( $% .(3(,(/(< f%
)$)'#3+ ,$ #0#''/(%$1+ + *+))( 1()'( .#/ )$'6+D$(%$ 1(%'/(00+'# K1#00# ( )#//#M U 2$T )'+'+ )&$06..+'+< G@ $%
7+)# ,$ )&$06..( 6%@#0#''/(%$1+ ,$ 0#''6/+ ,+ .$#%( 1+3.(<
!52&'+-";859: <=>
C3252.2&:;CDGD
C%1"%2&-";/5;-5A"-57"%2&:;0%/-"+;^+44"225%5
!"--52&-5;/5;15("%O+:;C!?;H<!
6+2+;/5;4-5&-52P:;MUKIMKMJIS
!52&'&;
L#%)(/#9Q)$)'#3+Q#Q3#'(,(Q,$Q3$)6/+D$(%#Q,$Q
.+/+3#'/$Q*$(1"$3$1$Q%#00+Q0$%7+Q,$Q6%+Q.$+%'+<
J$7< AIJ IJWI[
0B32-+#2
a@+2/$1(0'6/+ ,$ ./#1$)$(%# # 0+ )3+/' +2/$1(0'6/# /$1"$#,(%( 0@6)( ,$ )#%)(/$ $% 2/+,( ,$ 3(%$'(/+/# $%
1(%'$%6+ 0( )'+'( ,$ )+06'# ,$ 6%+ .$+%'+ # ,$ 1(%,$&$,#/# V6#)'$ ,+'$ 1(% 6% )$)'#3+ $%'#2/+'(< =0 )#%)(/#
,+ %($ )&$06..+'( +%+0$DD+ $% 1(%'$%6+ 0+ 0$%7+ ,#00# .$+%'# # .#/3#''# V6$%,$ ,$ 3(%$'(/+/# 0( )'+'(
7$)$(0(2$1( ,$ 6%+ .$+%'+ # ,$ /$1(%()1#/# ./#1(1#3#%'# #&#%'6+0$ )'/#)) *$('$1$ # +*$('$1$< G@ +0'+3#%'#
*$(1(3.+'$*$0#9 U 2$T )'+'( $%'#2/+'( $% ).#1$# +/*(/## #, #/*+1##9 #, "+ ,$3()'/+'( ,$ 7(/%$/# $% 3(,(
./#1(1# 6% 1"$+/( )#2%+0# ,$ )'/#)) $,/$1( $% .(3(,(/(< g/(3#''# V6$%,$ ,$ #))#/# 0( )'/63#%'( 1"#
7(/%$)1# $0 ,+'( .$b )$2%$7$1+'$&( .#/ 0@(''$3$DD+D$(%# ,#00# /$)(/)# $,/$1"#9 ,#$ 1(%1$3$ # ,#20$
+%'$.+/+))$'+/$<
*
; ; ; ;;";!"#%&'&(5";4"-;'QG%"-(5+;";5;!-+34&-25
58
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# )8)'#3 $) 1(3.()#, *8 (%# '/+%)3$''$%2 +%, '4( /#1#$&$%2 +%'#%%+)9 4"()# 3(&#3#%') +/# 3+,#
.())$*0# *8 + .()$'$(%$%2 )8)'#3<
!"# )8)'#3 $) +*0# '( ./(&$,# $3+2#) (7 '"# $%'#/%+0 )'+'6) (7 '"# ./(*#, )'/61'6/# '"+%;) '( '"# +,(.'$(%
(7 +% +02(/$'"3 7(/ '"# ./(1#))$%2 (7 ,+'+ 2+'"#/#, +0(%2 + 180$%,/$1+0 )6/7+1#<
*+#,(-&.%/
dgJ $) + '((0 7(/ '"# $%&#)'$2+'$(% (7 '"# $%%#/ )'+'6) (7 (.+V6# )'/61'6/#) *8 3#+%) (7 3$1/(4+&#)< !"#
)1$#%'$7$1 0$'#/+'6/# +%, '"# #1(%(3$1 $%'#/#)') '"+' dgJ )8)'#3) +%, dgJ ./().#1'$(%) 3(&# +00 (&#/ '"#
4(/0, +/# "62#9 +%, '"#/# $) +% $%1/#+)$%2 $%'#/#)' 7(/ $%%(&+'$&# )8)'#3)< L(3# #5+3.0#) +/# '"# E0$)
)8)'#39 '"+' $%'#2/+'#) '(2#'"#/ dgJ +%, + 3#'+0 ,#'#1'(/ '#1"%(0(289 (/ '"# 1(%1#.' (7 /#1(%7$26/+*0#
dgJ9 '"+' "+) '"# .())$*$0$'8 '( +,+.' '( ,$77#/#%' +..0$1+'$&# )1#%+/$()<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# )8)'#3 +00(4) dgJ 3#+)6/#3#%') (% 1(063%) 4$'" +% +116/+'# .()$'$(%$%2 )8)'#3 +%, $% )+7#
1(%,$'$(%) 7(/ '"# "63+% (.#/+'(/< !"# )8)'#3 $) #%"+%1#, 4$'" + 1(,# $3.0#3#%'#, (% .6/.()# K'"#/# $)
%( 1(33#/1$+0 1(,# 1(%1#$&#, 7(/ ,+'+ 2+'"#/#, +0(%2 1$/160+/ )6/7+1#)M< E..0$1+'$(%) (7 $%'#/#)' +/# '"#
$%&#)'$2+'$(% (7 1(063%) (7 "$)'(/$1+0 *6$0,$%2) (/ '"# .$00+/ (7 3(,#/% *6$0,$%2)<
6"1"'&47"%2 32+("
E ./('('8.# "+) *##% $3.0#3#%'#,9 (% 4"$1" +% #%"+%1#3#%' $) *#$%2 $3.0#3#%'#, 4$'" /#7#/#%1# '( '"#
1(%)'/61'$(% (7 16/&#, 10+3.) 7(/ '"# 3(&#3#%' (7 '"# +%'#%%+)<
E 1(,# 7(/ '"# ./(1#))$%2 (7 ,+'+ 2+'"#/#, +0(%2 + 1$/160+/ )6/7+1# "+) *##% ,#&#0(.#,<
!"# %#5' )'#. $) '"# &+0$,+'$(% (7 '"# )8)'#3 (% + '#)' )$'#9 '"+' "+) *##% *6$0' (% .6/.()#<
0335(%""839:;<=>?;Z"&4-&1" 3+3
<=>;C%3252.2"3:;C>G0?;C*0D;
D+5% C%1"%2&-3:;>\;H"-35#&?;X\;E&'/&15"-5
<&.%2-5"3:;C!
H-5&-52) /+2":;JSKJMKMJIW
!52'"
dgJ )8)'#3<
J#7<QAIJQIJUSI
9
9
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#7#/) '( + dgJ )8)'#3 4$'" '4( /#1#$&$%2 +%'#%%+) 1(3*$%#, 4$'" + .()$'$(%$%2
)8)'#3 '"+' +00(4) '"# /$2$, 3(&#3#%' (7 '"# +%'#%%+) +0(%2 + 180$%,/$1+0 )6/7+1#< !"# )8)'#3 "+) *##%
,#&$)#, '( $%&#)'$2+'# '"# $%%#/ )'+'6) (7 1(063%) +%, .$00+/) + 4+8 3(/# 1(37(/'+*0# +%, /#0$+*0# '"+%
'"# 16//#%' )'+'# (7 +/' +00(4)< =% .+/'$160+/9 '"# +%'#%%+) 1+% *# 3(&#, +0(%2 1$/1637#/#%1#) +' 7$5#,
"#$2"' +%, +0(%2 &#/'$1+0 )#23#%')< !"# )8)'#3 4$00 *# '"#% #V6$..#, 4$'" + 1(,# 7(/ '"# #0+*(/+'$(% (7
'"# ,+'+< !"# /#1(%)'/61'$(% +../(+1"#) +/# +*0# '( ./(1#)) ^($%'08 ,+'+ 2+'"#/#, $% /#70#1'$(% +%,
'/+%)3$))$(% 3(,#9 +%, 1(3.6'+'$(%+0 #77$1$#%18 $) +1"$#&#, *8 3#+%) (7 + )$3.0$7$#, 3(,#0 (7 '"#
#0#1'/(3+2%#'$1 )1+''#/$%2<
!
; ; ; ; ;
59
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 )$)'#3+ )$ 1(3.(%# ,$ 6%@+%'#%%+ $% '/+)3$))$(%# # ,6# +%'#%%# $% /$1#D$(%#9 $0 16$ 3(&$3#%'( U /#)(
.())$*$0# ,+ 6% )$)'#3+ ,$ .()$D$(%+3#%'(< =0 )$)'#3+ U 1+.+1# ,$ 7(/%$/# $33+2$%$ ,#00( )'+'( $%'#/%(
,#00+ )'/6''6/+ $%&#)'$2+'+ 2/+D$# +00@+,(D$(%# ,$ 6% +02(/$'3( .#/ 0@#0+*(/+D$(%# ,$ ,+'$ /+11(0'$ 06%2( 6%+
)6.#/7$1$# 1$0$%,/$1+<
*+#,(-&.%/
=0 2#(/+,+/ U 6% %('( )'/63#%'( .#/ 0@$%&#)'$2+D$(%# ,#00( )'+'( $%'#/%( ,$ )'/6''6/# # ,#0 )(''()6(0( '/+3$'#
0# 3$1/((%,#< a+ 0#''#/+'6/+ )1$#%'$7$1+ # 0# +..0$1+D$(%$ )60 3#/1+'( 1"# ./#&#,(%( )$)'#3$ # ./().#D$(%$
2#(/+,+/ )(%( %63#/()$ # ,$3()'/+%( 6% 1/#)1#%'# $%'#/#))# &#/)( 0( )&$06..( ,$ )$)'#3$ $%%(&+'$&$<
G)#3.$ )(%( $0 )$)'#3+ E0$)9 1"# $%'#2/+ 0+ '#1%(0(2$+ 2#(/+,+/ #, 6% 3#'+0 ,#'#1'(/9 (..6/# $0 1(%1#''( ,#0
2#(/+,+/ /$1(%7$26/+*$0# 1"# "+ 0+ 1+.+1$'T ,$ +,+''+/)$ +$ ,$&#/)$ )1#%+/$ +..0$1+'$&$<
N+%2+((5;";044'5#+O5&%5
=0 )$)'#3+ 1(%)#%'# 0+ 3$)6/+ 2#(/+,+/ )6 1(0(%%#9 1(% 6% .()$D$(%+3#%'( +116/+'( # $% 1(%,$D$(%$ ,$
)$16/#DD+ .#/ 0@(.#/+'(/#< =0 )$)'#3+ U .('#%D$+'( ,+ 6% 1(,$1# ,$ #0+*(/+D$(%# ,+'$ +..()$'+3#%'#
)&$06..+'( K%(% )(%( %('$ 1(,$1$ 1(33#/1$+0$ 1(%1#.$'$ .#/ ,+'$ /+11(0'$ )6 )6.#/7$1$ 1$/1(0+/$M< a@+..0$1+D$(%#
./$%1$.+0# /$26+/,+ 0# $%&#)'$2+D$(%$ ,$ 1(0(%%# ,$ #,$7$1$ 3(%63#%'+0$ ( $ .$0+)'/$ ,$ #,$7$1$ 3(,#/%$<
E2+/5& /5 E15'.44&
G@ 2$T )'+'( /#+0$DD+'( 6% ./('('$.(9 )60 V6+0# )$ )'+ #77#''6+%,( 6% .#/7#D$(%+3#%'( 3$%$3+0# $% /#0+D$(%#
+00+ 1()'/6D$(%# ,$ )'+77# 16/&# .#/ 0( ).()'+3#%'( ,#00# +%'#%%#< G@ )'+'( +%1"# 2$T )&$06..+'( 6% 1(,$1#
.#/ 0@#0+*(/+D$(%# ,#$ ,+'$ /+11(0'$ )6 6%+ )6.#/7$1$# 1$/1(0+/#<
=0 )$)'#3+ )+/T &+0$,+'( $% 6% '#)' )$'# 1"# U 2$T )'+'( +..()$'+3#%'# 1()'/6$'(<
!52&'+-";859:;<=>?;Z"&4-&1" 3\+\3\
C3252.2&:;C>G0?;C*0D
C%1"%2&-5;/5;-5A"-57"%2&:;>\;H"-35#&?;;X\;E&'/&15"-5
!"--52&-5&;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;JSKJMKMJIW
!52&'&
E..+/+'(Qd#(/+,+/<Q
J$7<QAIJQIJUSI;
0B32-+#2
a@$%&#%D$(%# )$ /$7#/$)1# +, 6% )$)'#3+ 2#(/+,+/ 1(% ,(..$+ +%'#%%+ /$1#&#%'# +**$%+'( +, 6% )$)'#3+ ,$
.()$D$(%+3#%'( 1"# 1(%)#%'# $0 3(&$3#%'( /$2$,( ,#00# +%'#%%# 06%2( 6%+ )6.#/7$1$# 1$0$%,/$1+< =0
)$)'#3+ U )'+'( ./(2#''+'( .#/ 0@$%,+2$%# ,#00( )'+'( $%'#/%( ,$ 1(0(%%# # .$0+)'/$9 $% 3(,( .$b +2#&(0# #,
+77$,+*$0# ,$ V6+%'( 0( )'+'( ,#00@+/'# +''6+0# $% 3#,$+ 1(%)#%'+< =% .+/'$1(0+/#9 U .())$*$0# 36(&#/# 0#
+%'#%%# 06%2( 1$/1(%7#/#%D# + V6('+ 7$))+'+ # 06%2( )#23#%'$ &#/'$1+0$< =0 )$)'#3+ U 1(//#,+'( ,$ 6%
1(,$1# ./(./$#'+/$( .#/ 0@#0+*(/+D$(%# ,#$ ,+'$ /+11(0'$<
d0$ +../(11$ ,$ /$1()'/6D$(%# )(%( $% 2/+,( ,$ #0+*(/+/# $% 3+%$#/+ 1(%2$6%'+ ,+'$ $% /$70#))$(%# #, $%
'/+)3$))$(%# # 0@#77$1+1$+ 1(3.6'+D$(%+0# U /#)+ .())$*$0# ,+00@$3.$#2( ,$ 6% 3(,#00( )#3.0$7$1+'( ,#00+
,$776)$(%# #0#''/(3+2%#'$1+<
*
; ; ; ; ; ; ; ; ; ;
60
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# 3+1"$%# $) 1(3.()#, (7 '"/## 3+$% .+/')F '"# 7##,#/:.(4#/ .+1;9 '"# )#.+/+'(/ '"+' )#.+/+'#)
7$*#/) 7/(3 )"$&#) 6)$%2 '"/## 1(-/('+'$%2 /('(/) +%, '"# 10#+%#/ (7 '"# 7$*#/< !4( ./('('8.#) +/#
+&+$0+*0#F '"# 7$/)' (%# $) .(4#/#, *8 + 7+/3 '/+1'(/ ,/$&# )"+7' g!B9 4"$0# '"# )#1(%, $) .(4#/#, *8 +%
#0#1'/$1 3('(/<
*+#,(-&.%/
[#3. 160'$&+'$(% "+) #5.#/$#%1#, + )"+/. ,#10$%# $% ./(,61'$(% ,6# '( '"# #51#))$&# 1()' (7 0+*(/ %##,#,
7(/ $') ./(,61'$(% +%, ./#.+/+'$(%< !"# (*^#1' (7 '"# ./#)#%' $%&#%'$(% +00(4) '( ,/+3+'$1+008 /#,61# '"#
'$3# +%, "#%1# '"# 1()' (7 ./#.+/+'$(%9 3+;$%2 .())$*0# + "$2"-V6+0$'8 ./(,61' 4$'" 1(3.#'$'$&# ./$1#)<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# 3+1"$%# +00(4) '( 4(/; '"# *+0#) (7 "#3. *8 3#+%) (7 + )$%20# (.#/+'$(%W $' $) +*0# '( ,$/#1'08 /#1#$&#
'"# *+0# (7 "#3.9 '( )#.+/+'# '"# 7$*/(6) .+/' 7/(3 )"$&#) +%, '( 1(00#1' '"# '4( 1(3.(%#%') 7(/
)6*)#V6#%' ./(1#))$%2 )'#.) < !"# "#3. 7$*#/ $) /#V6$/#, *8 '"# '#5'$0# +%, 1(%)'/61'$(% $%,6)'/$#)W '"#
)"$&#) "+&# $%'#/#)'$%2 1"+/+1'#/$)'$1) $% '"# 7$#0, (7 +6'(3('$&# ./(,61') +%, *6$0,$%2) $%)60+'$(%<
6"1"'&47"%2 32+("
!"# 7$/)' ./('('8.# 3+,# $' .())$*0# '( +))#)) '"# *#%#7$') +%, '"# 1"+%2#) %#1#))+/8 '( $3./(&# '"#
4(/;$%2 #77$1$#%18< !"# )#1(%, ./('('8.#9 +7'#/ '"# #%2$%##/$%2 ."+)#9 4$00 $%1/#+)# '"# "(6/08 ./(,61'$(%
+%, '"# V6+0$'8 (7 '"# ./(,61'9 $% (/,#/ '( (.'$3$D# 1()') +%, 3+'1" 3+/;#' /#V6#)')<
0335(%""839:;<=>?;033&#+%+4+
<=>;C%3252.2":;CD0D_!G>
D+5% C%1"%2&-:;>"%+2&;6"'7+32-&
<&.%2-5"3:;C!
H-5&-52) /+2":;MLKJSKMJIJ
!52'"
[#3. ,#7$*#/$%2 3+1"$%# 7(/ $%,6)'/$+0 6)#<
J#7<QAIJQIJUIL
0B32-+#2
S+1"$%# 1+.+*0# (7 /#1#$&$%2 +%, 4(/;$%2 0(%2-7$*#/ "#3. "+/&#)'#, $% /(6%, *+0#)<
=' 1+% '( )#.+/+'# +%, 1(00#1' '"# 7$*/(6) .+/' +%, '"# )"$&#) #%)6/$%2 + ,#2/## (7 10#+%0$%#)) 1(%7(/3 '(
'"# &+06#) /#V6$/#, *8 '"# 3+/;#'<
H
; ; ; ; ; ;
61
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
a+ 3+11"$%+ (22#''( ,#0 */#&#''( U 1(3.()'+ ,+ '/# .+/'$ ./$%1$.+0$F $0 ,()+'(/#:+0$3#%'+'(/#9 $0
)#.+/+'(/# ,#00+ 7$*/+ ,+0 1+%+.60( 3#,$+%'# '/# /('(/$ 1(/('+%'$ # $0 ,$).()$'$&( ,$ .60$D$+ ,#00+ 7$*/+< L(%(
,$).(%$*$0$ ,6# ./('('$.$F $0 ./$3( U +0$3#%'+'( ,+ '/+)3$))$(%# 1+/,+%$1+ ,+ '/+''/$1# +2/$1(0+ # $0 )#1(%,(
U +D$(%+'( $%'#/+3#%'# ,+ #%#/2$+ #0#''/$1+<
*+#,(-&.%/
a+ 1+%+.+ "+ )6*$'( 6% 7(/'# 1+0( ,$ ./(,6D$(%# + 1+6)+ ,#20$ #11#))$&$ 1()'$ ,#00+ 3+%(,(.#/+ %#1#))+/$+
.#/ 0+ )6+ 0+&(/+D$(%# $%,6)'/$+0#W 0+ 3+11"$%+ (22#''( ,#0 ./#)#%'# */#&#''( .#/3#''# $%&#1# ,$ /$,6//#
,/+)'$1+3#%'# $ '#3.$ # $ 1()'$ ,$ 0+&(/+D$(%# # ,$ .('#/ $33#''#/# 1()X )60 3#/1+'( 6% ./(,(''( 7(/'#3#%'#
/$1"$#)'( # + ./#DD$ 1(3.#'$'$&$ 1(% V6#00$ ,#$ .+#)$ + *+))( 1()'( ,$ 3+%(,(.#/+<
N+%2+((5 " 044'5#+O5&%5
a+ 3+11"$%+ 1(%)#%'# ,$ 0+&(/+/# 0# /('(*+00# ,$ 1+%+.+ 3#,$+%'# 6%+ )(0+ (.#/+D$(%#9 .#/1"l $% 2/+,( ,$
/$1#&#/# ,$/#''+3#%'# 0+ /('(*+00+ ,$ 1+%+.+9 ,$ )#.+/+/# 0+ .+/'# 7$*/()+ ,+0 1+%+.60( # ,$ /+11(20$#/# $ ,6#
1(3.(%#%'$ .#/ 0# )611#))$&# 7+)$ ,$ 0+&(/+D$(%#<
a+ 7$*/+ ,$ 1+%+.+ '/(&+ %+'6/+0# +..0$1+D$(%# %#00@$%,6)'/$+ '#))$0# #, #,$0# 3#%'/# $0 1+%+.60( "+
$%'#/#))+%'$ )&$06..$ V6+0# ./(,(''( 1($*#%'+%'#9 )$+ %#00@+6'(3('$&# 1"# %#00@#,$0$D$+<
E2+/5& /5 315'.44&
=0 ./$3( ./('('$.( 76%D$(%+%'# "+ 1(%)#%'$'( ,$ &+06'+/# '6''$ $ &+%'+22$ # 0# 3(,$7$1"# %#1#))+/$# .#/
3$20$(/+/# 0# 7+)$ ,$ 0+&(/(< =0 )#1(%,( ./('('$.(9 ,(.( 0+ 7+)# ,$ $%2#2%#/$DD+D$(%#9 1(%)#%'$/T ,$
+63#%'+/# 0+ ./(,6D$(%# (/+/$+ # 0+ V6+0$'T ,#0 ./(,(''( 0+&(/+'( +0 7$%# ,$ (''$3$DD+/# 1()'$ # /$).(%,#/#
&+0$,+3#%'# +00# /$1"$#)'# ,$ 3+/1+'(<
!52&'+-"859:;;<=>?;033&#+%+4+
C3252.2&:;CD0D_!G>
C%1"%2&-";/5;-5A"-57"%2&:;>"%+2&;6"'7+32-&
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;MLKJSKMJIJ
!52&'&
S+11"$%+Q)7$*/+'/$1#Q.#/Q1+%+.+Q+,Q6)(Q$%,6)'/$+0#<
J$7<QAIJQIJUIL
0B32-+#2
S+11"$%+ $% 2/+,( ,$ /$1#&#/# # 0+&(/+/# 1+%+.+ /+11(0'+ 06%2+ $% /('(*+00# # ,$ )#.+/+/# # /+11(20$#/# 0+
.+/'# 7$*/()+ # $0 1+%+.60(9 2+/+%'#%,( 6% 2/+,( ,$ .60$D$+ 1(%7(/3# +$ &+0(/$ /$1"$#)'$ ,+0 3#/1+'(<
*
; ; ; ; ; ; ; ; ; ;
62
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# $%&#%'$(%9 $% '"# 7$/)' #3*(,$3#%'9 1(3./$)#) 7$5#, ,#&$1#) .0+1#, (% +% +/#+9 7(/ #5+3.0# %#+/
^6%1'$(%) (/ '6%%#0)9 +%, 3(*$0# ,#&$1#) $%)'+00#, (%*(+/, &#"$10#) (/ 6)#, *8 .#,#)'/$+%)< B'"#/
#3*(,$3#%') $%106,# )#/&#/ %(,#) 7(/ +,,$'$(%+0 76%1'$(%+0$'$#)< !"# '#1"%(0(28 3+;#) $' .())$*0# '(
1/#+'# $%7/+)'/61'6/#) 7(/ +,&+%1#, 3(%$'(/$%2 +%, $%'#/&#%'$(% +0)( $% 1(%'#5') (6')$,# (7 3(*$0$'8<
*+#,(-&.%/
L+7#'8 +%, 3(%$'(/$%2 (7 3(*$0$'8 +/# +/#+) (7 )'/+'#2$1 $%'#/#)'< J#)#+/1" +%, ,#&#0(.3#%' (7 $%%(&+'$&#
)(06'$(%) +%, '#1"%(0(2$#) $% '"#)# 1(%'#5') "+&# /#0#&+%' )(1$+0 +%, #1(%(3$1 #77#1')< =' $) ,#)$/+*0# '(
"+&# $%'#2/+'#, +%, &#/)+'$0# )8)'#3) +*0# 7(/ ./(&$,$%2 */(+, 76%1'$(%+0$'8 $% '"# &+/$(6) ).#1$7$1 )#1'(/)
(7 1(%&#%'$(%+0 +%, +,&+%1#, 3(*$0$'89 +%, +0)( $% ,$77#/#%' +/#+) )61" +) /#)(6/1# (.'$3$D+'$(%9
#3#/2#%18 +%, /#)16#9 )'/61'6/+0 3(%$'(/$%29 +%, $00#2+0 *#"+&$(/ ,#'#1'$(%<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# '#1"%(0(28 ./#)#%') &#/)+'$0$'8 (7 6)#9 )$3.0$1$'8 +%, 0(4 1()' (7 ./(,61'$(%9 $%)'+00+'$(%9 +%,
3+%+2#3#%' (7 '"# $%7/+)'/61'6/# +%, &#"$10# #V6$.3#%'< !"# 3+$% +..0$1+'$(%) 1(%1#/% '"# 6.2/+,$%2 (7
)#16/$'8 +%, )#/&$1#) 7(/ *('" +6'(%(3(6) ,/$&$%2 )8)'#3) +%, 1(%&#%'$(%+0 3(*$0$'8<
6"1"'&47"%2 32+("
!4( ./('('8.#) 4$'" .+/'$+0 76%1'$(%+0$'$#) "+&# *##% ./(,61#,< !"# 7$/)' +00(4#, '( &#/$78 '"# +,&+%'+2#)
+%, '( $,#%'$78 .())$*0# 76/'"#/ ,#&#0(.3#%') (7 '"# ./(.()#, )8)'#39 $% .+/'$160+/ +*(6' '"# +..0$1+'$(%)
(7 #%0+/2#3#%' +%, $3./(&#3#%' (7 &$)$*$0$'8 *#'4##% '4( &#"$10#) (% '"# /(+,< !"# )#1(%, 1(%1#/%) '"#
6)# (7 '"# )8)'#3 +) +% $%7/+)'/61'6/# +*0# '( ./(&$,# +,&+%1#, 3#'"(,) 7(/ 3(%$'(/$%29 +))$)'+%1#9 +%,
(.#/+'$%2 $% */(+,#/ 1(%'#5')<
0335(%""839:;<=>
<=>;C%3252.2":;C<0>
D+5%;5%1"%2&-:;<+-7"'&;R&/+2&
<&.%2-5"3:;C!
H-5&-52);/+2":;MMKIMKMJIY
!52'"
L8)'#3Q+%,Q3#'"(,Q7(/Q1(%'/(00$%2Q'"#Q3(*$0$'8Q(7Q
&#"$10#)Q(/Q.#,#)'/$+%)<
J#7<QAIJQIJWUY
0B32-+#2
!"# $%&#%'$(% /#0+'#) '( + )8)'#3 +%, + 3#'"(, 7(/ $3./(&$%2 )+7#'8 +%, 1(%'/(0 $% /(+, +%, /+$04+8
3(*$0$'8< =' +00(4) '( #5'#%, '"# &$#4 '( +/#+) %(' ,$/#1'08 (*)#/&+*0# +%, '( $%1/#+)# &$)$*$0$'8 #&#% $%
)$'6+'$(%) (7 /#,61#, &$)$*$0$'8 ,6# '( (*)'+10#) (/ ('"#/ 7+1'(/)9 )61" +) '"# 0$2"'$%29 '"# 3(&$%2 ,$/#1'$(%
(/ +'3()."#/$1 #&#%')< !"# .#/1#.'$(% (7 #&#%') 1+% +0)( $%1/#+)# 6)$%2 )$2%+0) /#0+'#, '( '"# )'+'6) (7
('"#/ )6*^#1') $% '"# &$1$%$'8< !"# '#1"%(0(28 1(&#/) *('" '"# 7$#0, (7 1(%&#%'$(%+0 3(*$0$'8 7(/ 6)# *8
,/$&#/)9 .+))#%2#/) +%, .#,#)'/$+%)9 +%, '"+' (7 )3+/' 3(*$0$'8 7(/ '"# ,#&#0(.3#%' (7 76%1'$(%+0$'$#)
+%, +..0$1+'$(%) 7(/ '"# 6)# (7 +6'(%(3(6) ,/$&$%2 )8)'#3) +%, (7 )8)'#3) 7(/ 3(%$'(/$%2 '/+%).(/'
%#'4(/;)<
H
; ; ; ; ; ; ; ; ;
63
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
a@$%&#%D$(%#9 %#00+ 7(/3+ /#+0$DD+'$&+ *+)#9 1(3./#%,# ,$).()$'$&$ 7$))$ 1(00(1+'$ )60 '#//$'(/$( +, #)#3.$( $%
./())$3$'T ,$ $%1/(1$ ( ,$ 2+00#/$#9 # ,$).()$'$&$ 3(*$0$ $%)'+00+'$ + *(/,( ,$ &#$1(0$ ( $% 6)( +$ .#,(%$< Z(/3#
/#+0$DD+'$&# $%106,(%( 6%+ /#'# ,$ %(,$ )#/&#/ .#/ 76%D$(%+0$'T +22$6%'$&#< a+ '#1%(0(2$+ 1(%)#%'# ,$
/#+0$DD+/# $%7/+)'/6''6/# .#/ 3(%$'(/+22$( # $%'#/&#%'( #&(06'$ +%1"# $% 1(%'#)'$ ,$&#/)$ ,+ V6#00( ,#00+
3(*$0$'T<
*+#,(-&.%/
a+ )$16/#DD+ # $0 3(%$'(/+22$( ,#00# /#'$ ,$ &$+*$0$'T # '/+).(/'( /+../#)#%'+%( )#''(/$ ,$ $%'#/#))# )'/+'#2$1(<
a+ /$1#/1+ # 0( )&$06..( ,$ )(06D$(%$ # '#1%(0(2$# $%%(&+'$&# $% V6#)'$ 1(%'#)'$ "+%%( /$1+,6'# $3.(/'+%'$ $%
1+3.( )(1$+0# #, #1(%(3$1(< x +6).$1+*$0# ./#,$).(//# )$)'#3$ $%'#2/+'$ # &#/)+'$0$ $% 2/+,( ,$ 7(/%$/# +3.$#
76%D$(%+0$'T %#$ &+/$ )#''(/$ ).#1$7$1$ ,#00+ 3(*$0$'T9 1(%&#%D$(%+0# #, #&(06'+9 #, +%1"# $% +3*$'$ ,$&#/)$
V6+0$ +, #)#3.$( (''$3$DD+D$(%# /$)(/)#9 #3#/2#%D+ # )(11(/)(9 3(%$'(/+22$( )'/6''6/#9 /$0#&+D$(%# $00#1$'$<
N+%2+((5;";044'5#+O5&%5
a+ '#1%(0(2$+ ./#)#%'+ &#/)+'$0$'T ,$ $3.$#2(9 )#3.0$1$'T # *+))( 1()'( ,$ /#+0$DD+D$(%#9 $%)'+00+D$(%# #
2#)'$(%# ,#00+ .+/'# $%7/+)'/6''6/+0# # %#00@#V6$.+22$+3#%'( ,#$ &#$1(0$< a# ./$%1$.+0$ +..0$1+D$(%$ /$26+/,+%(
$0 .('#%D$+3#%'( ,$ )$16/#DD+ # )#/&$D$ )$+ .#/ $ )$)'#3$ ,$ 26$,+ +6'(%(3+ )$+ .#/ 0+ 3(*$0$'T 1(%&#%D$(%+0#<
E2+/5&;/5;E15'.44&
L(%( )'+'$ /#+0$DD+'$ ,6# ./('('$.$ 1(% 76%D$(%+0$'T .+/D$+0$< =0 ./$3( "+ 1(%)#%'$'( ,$ &#/$7$1+/# $ &+%'+22$ #
,$ $%,$&$,6+/# .())$*$0$ 60'#/$(/$ )&$06..$ ,#0 )$)'#3+ ./(.()'(9 $% .+/'$1(0+/# /$26+/,( 0# +..0$1+D$(%$ ,$
#)'#%)$(%# # 3$20$(/+3#%'( ,#00+ &$)$*$0$'T '/+ ,6# &#$1(0$ )6 )'/+,+< =0 )#1(%,( /$26+/,+ 0@6'$0$DD( ,#0
)$)'#3+ 1(3# $%7/+)'/6''6/+ $% 2/+,( ,$ 7(/%$/# 3(,+0$'T +&+%D+'# ,$ 3(%$'(/+22$(9 +))$)'#%D+ # $%'#/&#%'(
$% 1(%'#)'$ .$b +3.$<
!52&'+-";859: <=>
C3252.2&:;C<0>
C%1"%2&-";/5;-5A"-57"%2&:;<+-7"'&;R&/+2&
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;MMKIMKMJIY
!52&'&
L$)'#3+Q#Q./(1#,$3#%'(Q.#/Q$0Q1(%'/(00(Q,#00+Q3(*$0$'
TQ,$Q&#$1(0$Q(Q.#,(%$<Q
J$7<QAIJQIJWUY
0B32-+#2
a@$%&#%D$(%# /$26+/,+ 6% )$)'#3+ # 6% 3#'(,( .#/ 3$20$(/+/# )$16/#DD+ # 1(%'/(00( %#00+ 3(*$0$'T )'/+,+0#
# 7#//(&$+/$+< =0 '/(&+'( 1(%)#%'# ,$ #)'#%,#/# 0+ &$)6+0# + D(%# %(% ,$/#''+3#%'# ())#/&+*$0$ # ,$
+63#%'+/# 0+ &$)$*$0$'T +%1"# $% )$'6+D$(%$ ,$ &$)6+0# /$,(''+ ,+ ()'+1(0$ ( ,+ +0'/$ 7+''(/$9 1(3# +, #)#3.$(
$0063$%+D$(%#9 ,$/#D$(%# ,$ 3+/1$+ ( #&#%'$ +'3()7#/$1$< a+ .#/1#D$(%# ,#20$ #&#%'$ &$#%# 3$20$(/+'+ +%1"#
1(% )#2%+0+D$(%$ ,#/$&+%'$ ,+00( )'+'( ,$ +0'/$ )(22#''$ $% ./())$3$'T< a+ '#1%(0(2$+ )$ 1(00(1+ )$+ $% +3*$'(
,$ &$+*$0$'T 1(%&#%D$(%+0# +, 6)( ,$ 1(%,61#%'$9 .+))#22#/$ # .#,(%$9 )$+ $% +3*$'( )3+/' 3(*$0$'8 .#/ 0(
)&$06..( ,$ 76%D$(%+0$'T #, +..0$1+D$(%$ +, 6)( ,$ )$)'#3$ ,$ 26$,+ +6'(%(3+ # ,$ )$)'#3$ .#/ $0
3(%$'(/+22$( ,#00# /#'$ ,$ '/+).(/'(<
; ; ; ;;";!"#%&'&(5";4"-;'QG%"-(5+;";5;!-+34&-25
64
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# )8)'#3 '/+1;) '"# 3+5$363 .(4#/ #5.0($'$%2 + %#6/+0 %#'4(/;9 4"$1" (.#/+'#) +) + &$/'6+0
+%#3(3#'#/9 +%, 6)$%2 +% #0#1'/(%$1 1$/16$' '"+' +1') +) + &$/'6+0 #%1(,#/< !"#/#7(/#9 3#1"+%$1+0 )#%)(/)
+/# %(' %##,#,9 #%+*0$%2 '( +1"$#&# + "$2"#/ /#0$+*$0$'8 +%, + 0(4#/ 1()'< !"# 1(%'/(0 0(2$1 "+) *##%
$3.0#3#%'#, (% + ZgdE .0+'7(/3< !"$) +/1"$'#1'6/# $3.0$#) + "$2"#/ 4(/;$%2 7/#V6#%18 +%, '"# '/6#
.+/+00#0 #5#16'$(% (7 )#&#/+0 '+);)<
*+#,(-&.%/
!"# ,#&$1# *#0(%2) '( '"# 10+)) (7 S$1/( e$%, G%#/28 A(%&#/)$(% L8)'#3 K{eGALM9 '( *# 1(%%#1'#, '( '"#
%+'$(%+0 )$%20#-."+)# 0(4-&(0'+2# 2/$,< =' 1(&#/) + .(4#/ /+%2# 7/(3 P ;e '( PO ;e< A6//#%'089 7#4 ,#&$1#)
(% '"# 3+/;#' *#0(%2 '( '"$) 10+)) +%, /+%2#< E%84+89 '"()# ,#&$1#) +/# ,#/$&#, 7/(3 )8)'#3)9 4"()#
"+/,4+/# +/1"$'#1'6/# +%, 1(%'/(0 )8)'#3 "+&# *##% ,#&$)#, 7(/ '"# g"('(&(0'+$1 )#23#%' +%,9 '"6)9 '"#$/
.#/7(/3+%1# $) V6$'# .((/<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# $%&#%'$(% )(0&#) '"# ./(*0#3 (7 ,#+, '$3#) $% '"# Sgg! '/+%)$#%') 4$'"$% {eGAL #3.0(8$%2 .#/3+%#%'
3+2%#' )8%1"/(%(6) 3+1"$%#)9 4$'"(6' 6)$%2 3#1"+%$1+0 )#%)(/) K#%1(,#/:+%#3(3#'#/M< !"#/#7(/#9 '"#
8$#0,#, #%#/28 $) "$2"#/9 1(3.+/#, '( + '/+,$'$(%+0 )8)'#39 #).#1$+008 +' 0(4 4$%, ).##,9 +%, +% $%1/#+)# (7
/#0$+*$0$'8 +%, /(*6)'%#)) $) (*'+$%#,<
6"1"'&47"%2 32+("
!"# $%&#%'$(% "+) +0/#+,8 *##% #5.#/$3#%'+008 '#)'#, *8 *6$0,$%2 + ./('('8.# 4$'" /+'#, .(4#/ (7 P ;e<
E '#1"%(0(28 '/+%)7#/ +2/##3#%' "+) *##% )$2%#, 4$'" + L$1$0$+% 1(%)(/'$63 7(/ +))$2%$%2 +% #5106)$&#
0$1#%)# 7(/ 1(33#/1$+0$D+'$(%W %(49 $' 1(00+*(/+'#) 4$'" AIJ =LL=E - fBL (7 g+0#/3( $% *6$0,$%2 + ./#-
./(,61'$(% ./('('8.#<
0335(%""839:;<=>
<=>;C%3252.2":;C<0>;8CEEC09
D+5% C%1"%2&-:;Z5+%4+&'&;N52+'"
<&.%2-5"3:;C!?;@E
H-5&-52) /+2":;JLKJWKMJIU
!52'"
S#'"(, +%, /#0+'#, )8)'#3 7(/ '"# 1(%&#/)$(% (7
3#1"+%$1+0 #%#/289 1(3$%2 7/(3 + '6/*$%#-
2#%#/+'(/ )#'9 '( #0#1'/$1+0 #%#/28<
J#7<QAIJQIJMWU
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#7#/) '( + S$1/( e$%, G%#/28 A(%&#/)$(% L8)'#3 K{eGALM< =' +00(4) #%#/28
1(3$%2 7/(3 + )8%1"/(%(6) 2#%#/+'(/9 )6..0$#, *8 + &#/'$1+0-+5$) Y+//$#6) 4$%, '6/*$%#9 '( *# $%^#1'#,
$%'( '"# %+'$(%+0 )$%20#-."+)# 0(4-&(0'+2# 2/$,< E3(%2 '"()# ;%(4% 7/(3 '"# 0$'#/+'6/#9 '"# )$3.0#)'
+/1"$'#1'6/# "+) *##% 1"()#% 7(/ '"# .(4#/ )'+2#9 4"$1" $3.0$#) '"# *#)' 1(3./(3$)# *#'4##% 1()' +%,
.#/7(/3+%1#< E) '"# 4$%, ).##, &+/$#) +%, '/+%)7#/) .(4#/ '( '"# '6/*$%#9 '"# )8)'#3 $) +*0# '(
1(3.6'# +%, '( /#+1" '"# +%260+/ ).##, '"+' +00(4) '( #5'/+1' '"# 3+5$363 +&+$0+*0# .(4#/ KSgg!9
3+5$363 .(4#/ .($%' '/+1;$%2M< !"# )8)'#3 "+) *##% 1(%1#$&#, 7(/ .#/7(/3$%2 )61" '+); 4$'"(6' 6)$%2
3#1"+%$1+0 )#%)(/) 7(/ '"# 3#+)6/#3#%' (7 4$%, ).##, +%, +%260+/ ).##,< !"$) $3.0$#) +% $%1/#+)#,
/#0$+*$0$'8 +%, + 0(4#/ 1()'<
H
; ; ; ; ; ;
65
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 )$)'#3+ $%)#26# 0+ 3+))$3+ .('#%D+ 2#%#/+*$0# )7/6''+%,( 6%+ /#'# %#6/+0# 1"# 76%D$(%+ ,+
+%#3(3#'/( &$/'6+0# # 6% 1$/16$'( #0#''/(%$1( 1"# 76%2# ,+ #%1(,#/ &$/'6+0#< =% '+0 3(,( )$ /$#)1# + 7+/# +
3#%( ,#$ 1(//$).(%,#%'$ )#%)(/$ 3#11+%$1$9 2+/+%'#%,( 3+22$(/# +77$,+*$0$'T # 3$%(/ 1()'(< a+ 0(2$1+ ,$
1(%'/(00( U )'+'+ $3.0#3#%'+'+ )6 .$+''+7(/3+ ZgdE9 +/1"$'#''6/+ 1"# 2+/+%'$)1# #0#&+'# 7/#V6#%D# ,$
0+&(/( # 0+ .())$*$0$'T ,$ #)#26$/# .$b (.#/+D$(%$ $% .+/+00#0(<
*+#,(-&.%/
00 ,$).()$'$&( )$ $%)#/$)1# %#00+ 10+))# ,$ $%)'+00+D$(%$ ,$ 3$1/(2#%#/+D$(%# #(0$1+ ,+ 1(%%#''#/# +00+ /#'#
#0#''/$1+ %+D$(%+0# 3(%(7+)# $% *+))+ '#%)$(%#< G))( 1(./# 6% /+%2# ,$ .('#%D# 1"# &+ ,+ P ;e + PO ;e<
I(% )(%( ./#)#%'$ )60 3#/1+'( 3(0'$ )$)'#3$ ,$ V6#)'+ '$.(0(2$+ # ).#))( V6#00$ ,$).(%$*$0$9 .#/ V6+%'(
1(%1#/%# 0@+/1"$'#''6/+ "+/,4+/# # $0 )$)'#3+ ,$ 1(%'/(00(9 )(%( 36'6+'$ ,+$ 1(//$).(%,#%'$ ,#)'$%+'$ +00+
2#%#/+D$(%# ,+ 7('(&(0'+$1( #9 .#/'+%'(9 %(% (77/(%( ./#)'+D$(%$ .+/'$1(0+/3#%'# )$2%$7$1+'$&#<
N+%2+((5 " 044'5#+O5&%5
a@$%&#%D$(%# /$)(0&# $0 ./(*0#3+ ,#$ '#3.$ 3(/'$ %#$ '/+%)$'(/$ .#/ 0@$%)#26$3#%'( ,#0 .6%'( ,$ 3+))$3+
.('#%D+ $% )$)'#3$ .#/ 2#%#/+D$(%# #(0$1+ 1(% 3+11"$%# )$%1/(%# + 3+2%#'$ .#/3+%#%'$9 )#%D+ 6'$0$DD+/#
)#%)(/$ 3#11+%$1$ ,$ &#0(1$'T K#%1(,#/ #:( +%#3(3#'/$M< L$ (''$#%# 6% +63#%'( ,#00+ V6+%'$'T ,$ #%#/2$+
(''#%$*$0# /$).#''( +, 6% )$)'#3+ '/+,$D$(%+0#9 ).#1$+03#%'# .#/ *+))# &#0(1$'T ,#0 &#%'(9 # 6% $%1/#3#%'(
,#00+ /(*6)'#DD+ # ,#00@+77$,+*$0$'T ,#0 )$)'#3+<
E2+/5& /5 315'.44&
aj$%&#%D$(%# U 2$T )'+'+ 1(00+6,+'+ ).#/$3#%'+03#%'# )6 6% ./('('$.( ,$ 0+*(/+'(/$(< G@ $% +''( 6%+
1(00+*(/+D$(%# 7$%+0$DD+'+ +0 '/+)7#/$3#%'( '#1%(0(2$1(9 1(% 6% 1(%)(/D$( ,$ $3./#)# ,#0 '#//$'(/$( )$1$0$+%(9
1"# )$ +&&+//T ,#0 )6..(/'( ,#0 AIJ =LL=E - fBL ,$ g+0#/3( .#/ 0+ /#+0$DD+D$(%# ,$ 6% ./('('$.( ./#-
$%,6)'/$+0#<
!52&'+-"859:;;<=>
C3252.2&:;C<0>;8CEEC09
C%1"%2&-";/5;-5A"-57"%2&:;Z5+%4+&'&;N52+'"
!"--52&-5;/5;15("%O+:;C!?;@E
6+2+;/5;4-5&-52P:;JLKJWKMJIU
!52&'&
S#'(,( # /#0+'$&( )$)'#3+ .#/ 0+ 1(%&#/)$(%# ,$
#%#/2$+ 3#11+%$1+9 ./(&#%$#%'# ,+ 6% 2#%#/+'(/#
1(3+%,+'( ,+ 6%+ '6/*$%+9 $% #%#/2$+ #0#''/$1+<
J$7<QAIJQIJMWU
M
0B32-+#2
a@$%&#%D$(%# )$ /$7#/$)1# +, 6% )$)'#3+ ,$ 2#%#/+D$(%# 3$1/(#(0$1+ 1"# 1(%)#%'# ,$ $33#''#/# )600+ /#'#
#0#''/$1+ %+D$(%+0# 3(%(7+)# $% *+))+ '#%)$(%# 0@#%#/2$+ ./(&#%$#%'# ,+ 6% 2#%#/+'(/# )$%1/(%(
1(3+%,+'( ,+ '6/*$%+ #(0$1+ +, +))# &#/'$1+0# ,$ '$.( Y+//$#6)< g#/ 0@+/1"$'#''6/+ ,#00+ .+/'# ,$ .('#%D+ U
)'+'+ )1#0'+ 0+ .$b )#3.0$1# '/+ V6#00# %('# $% 0#''#/+'6/+ # 1"# 2+/+%'$)1# $0 3$20$(/# 1(3./(3#))( '/+
./#)'+D$(%$ # 1()'$< =0 )$)'#3+ U $% 2/+,(9 +0 &+/$+/# ,#00+ &#0(1$'T ,#0 &#%'(9 ,$ 1+01(0+/# # /+22$6%2#/# 0+
&#0(1$'T ,$ /('+D$(%# 1"# 1(%)#%'# ,$ #)'/+//# 0+ 3+))$3+ .('#%D+ '/+)7#/$'+ ,+0 &#%'( +00+ '6/*$%+< =0
)$)'#3+ U )'+'( 1(%1#.$'( .#/ #77#''6+/# 0+ )6,,#''+ (.#/+D$(%# )#%D+ 6'$0$DD+/# )#%)(/$ 3#11+%$1$ ,$
&#0(1$'T ,#0 &#%'( # ,$ &#0(1$'T ,$ /('+D$(%#9 2+/+%'#%,( 3+22$(/# +77$,+*$0$'T # 3$%(/ 1()'(<
*
; ; ; ; ; ; ; ; ; ;
66
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# )8)'#3 $) 3+,# *8 I /#+1'(/ $% )#/$#) KICM< G+1" /#+1'(/ $) 7$00#, 4$'" 7$5#, )6..(/') 4"#/# 60"1,#-2-/
1#00) 2/(4 +) +''+1"#, *$(7$03< !"# .[ $) 1(%'/(00#, $% (/,#/ '( 3+%+2# '"# (116//#%1# (7 '"# +1$,(2#%$1
+%, )(0&#%'(2#%$1 ."+)#) (7 EqG 7#/3#%'+'$(% +0(%2 '"# I /#+1'(/)<
*+#,(-&.%/
!"# ./#)#%' $%&#%'$(% *#0(%2) '( '"()# )8)'#3) ,#&('#, '( '"# ./(,61'$(% (7 *$(76#0) *8 3#+%) (7 '"#
7#/3#%'+'$(% (7 )62+/) 7/(3 /#%#4+*0# )(6/1#)< q$(-*6'+%(0 $) #77$1$#%'08 ./(,61#, '"/(62" EqG
7#/3#%'+'$(% 4$'" 60"1,#-2-/ *+1'#/$+< J#1#%'089 '"# #77#1'$&#%#)) (7 *$(7$03 /#+1'(/) $% EqG 7#/3#%'+'$(%
"+&# *##% ./(&#,<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# ./#)#%' $%&#%'$(% 1+% *# $%,6)'/$+008 +,(.'#, 7(/ 7#/3#%'+'$(% (7 +%8 /#%#4+*0# 7##,)'(1; 1(%'+$%$%2
)62+/) 7(/ *$(76#0) ./(,61'$(%< !"# ,#)1/$*#, '#1"%(0(28 1+% $3./(&# '"# #77$1$#%18 (7 '"# *6'+%(0
./(,61'$(% 4$'" /#).#1' '( '"# 16//#%' '#1"%(0(28<
6"1"'&47"%2 32+("
!"# $%&#%'$(% "+) *##% ,#&#0(.#, +' 0+*(/+'(/8 )1+0# +%, "+) *##% '#)'#, 6%,#/ 1(%,$'$(%) 1(%)$)'#%'
4$'" $%,6)'/$+0 (.#/+'$(%)< =') 1(%7$26/+'$(% 1+% *# +,(.'#, 7(/ )1+0# 6. .6/.()#)<
0335(%""839:;<=>?;@%51"-352);&A;=+4'"3;X"/"-5#&;CC
<=>;C%3252.2":;C><
D+5%;C%1"%2&-:;D+-5+;G\;>.33&
<&.%2-5"3:;C!
H-5&-52);/+2":;M[KJTKMJIW
!52'"
g0+%' #V6$..#, 4$'" *$(7$03 /#+1'(/) 7(/ *6'+%(0
./(,61'$(%<
J#7<QAIJQIJTIS
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#0+'#) + *$(7$03 /#+1'(/ )#/$#) 6)#, '( .#/7(/3 E1#'(%#-q6'+%(0-G'"+%(0 KEqGM
7#/3#%'+'$(% $% + 360'$-)'+2# )8)'#3 4"#/# ./(,61') K+1#'(%#9 *6'+%(09 #'"+%(09 +1#'$1 +%, *6'$//$1 +1$,M
4#/# (*'+$%#, 7/(3 '"# +%+#/(*$1 7#/3#%'+'$(% (7 )62+/) 1(%'+$%#, $% '"# 0$V6$, )'/#+3 7#, '( '"#
)8)'#3< E11(/,$%2 '( '"# $%&#%'$(%9 $% '"# *$(7$03 /#+1'(/ )#/$#) 0+/2# *6'+%(0 1(%1#%'/+'$(% 1+% *#
+1"$#&#, )( '"+' '"# ./(,61'$&$'8 +%, '"# )62+/ 1(%&#/)$(% 1+% *# #%"+%1#, +0'#/%+'$&#08<
!
; ; ; ; ; ; ; ; ;
67
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 )$)'#3+ (22#''( ,#00+ ,(3+%,+ ,$ */#&#''( )$ 1(3.(%# ,$ I /#+''(/$ $% )#/$# KICM9 1$+)16%( 1+/$1+'( 1(%
6% )6..(/'( )6 16$ $ *+''#/$ 60"1,#-2-/ ./(0$7#/+%( $% 7(/3+ ,$ *$(7$03<
=0 .[ ,#0 0$V6$,( U 1(%'/(00+'(9 +0 7$%# ,$ 2#)'$/# 0@+1$,(2#%#)$ # 0+ )(0&#%'(2#%#)$ ,#00+ 7#/3#%'+D$(%# EqG
%#20$ I /#+''(/$ $% )#/$#<
*+#,(-&.%/
a@$%&#%D$(%# )$ $%)#/$)1# %#0 V6+,/( ,#$ )$)'#3$ .#/ 0+ ./(,6D$(%# ,$ *$(1(3*6)'$*$0$ ,+00+ 7#/3#%'+D$(%# ,$
D611"#/$ ,+ 7(%'$ /$%%(&+*$0$< =0 *$(-*6'+%(0( U ./(,(''( 1(% 0+ 7#/3#%'+D$(%# EqG ,+ *+''#/$ 60"1,#-2-/< x
%('+ 0@#77$1+1$+ ,#$ /#+''(/$ + *$(7$03 1(3# '#1%(0(2$+ .#/ '+0# ./(1#))(<
N+%2+((5;";044'5#+O5&%5
a@$%&#%D$(%#Q.6`Q#))#/#Q+,('+''+ $%Q1+3.(Q$%,6)'/$+0#Q.#/Q0+Q7#/3#%'+D$(%#Q,$Q/$)(/)#Q/$%%(&+*$0$Q1(%'#%#%'$Q
D611"#/$Q+0Q7$%#Q,$Q./(,6//#Q*$(-*6'+%(0(<Qa+Q'#1%(0(2$+Q,#)1/$''+Q.6`Q3$20$(/+/#Q0@#77$1$#%D+Q,#00+Q./(,6D$(%#Q
,$Q*6'+%(0(Q/$).#''(Q+00#Q'#1%(0(2$#Q+''6+0$<
E2+/5& /5 E15'.44&
a@$%&#%D$(%# U )'+'+ )&$06..+'+ )6 )1+0+ ,$ 0+*(/+'(/$( #, U )'+'+ ./(&+'+ $% 1(%,$D$(%$ (.#/+'$&#
1(3.+'$*$0$ 1(% V6#00# ,#00# +..0$1+D$(%$ $%,6)'/$+0$< a+ 1(%7$26/+D$(%# /#+''(/$)'$1+ ./(.()'+ .6` V6$%,$
#))#/# +,(''+'+ 1(3# 3(,#00( .#/ 0( )1+0#-6.<
!52&'+-";859*+<=>?;@%51"-352P;/"('5;E2./5;/5;=+4&'5;
X"/"-5#&;CC
C3252.2&:;C><
C%1"%2&-";/5;-5A"-57"%2&:;D+-5+;G\;>.33&
!"--52&-5&;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;;M[KJTKMJIW
!52&'&
=3.$+%'(Q1(%Q/#+''(/$Q+Q*$(7$03 .#/Q0+Q./(,6D$(%#Q,$Q
*6'+%(0(<
J$7<QAIJQIJTIS
0B32-+#2
a@$%&#%D$(%# /$26+/,+ 6%+ )#/$# ,$ /#+''(/$ + *$(7$03 .#/ 0+ 7#/3#%'+D$(%# E1#'(%#-q6'+%(0(-G'+%(0(
KEqGM< I#0 )$)'#3+ 360'$-)'+,$( $ ./(,(''$ K+1#'(%#9 *6'+%(0(9 #'+%(0(9 +1$,$ +1#'$1( # *6'$//$1(M )(%(
(''#%6'$ .#/ 7#/3#%'+D$(%# +%+#/(*$1+ ,#20$ D611"#/$ ,#00+ 1(//#%'# 0$V6$,+ +0$3#%'+'+ +0 )$)'#3+<
L#1(%,( 0@$%&#%D$(%#9 %#00+ )#/$# ,$ /#+''(/$ + *$(7$03 )$ /+22$6%2(%( #0#&+'# 1(%1#%'/+D$(%$ ,$ *6'+%(0(9
1()X 1"# 0+ ./(,6''$&$'T ( 0+ 1(%&#/)$(%# ,#20$ D611"#/$ .())(%( #))#/# 3+))$3$DD+'#<
*
; ; ; ; ; ; ; ; ; ;
68
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
6"1"'&47"%2 32+("
E )8)'#3 ./('('8.# $) 6%,#/ ,#&#0(.3#%' $% =S-AIJ 0+*(/+'(/$#) 7(/ *#%1"3+/;$%2 .#/7(/3+%1# '#)')<
!"#$%&'&()
!"# ./#)#%' $%&#%'$(% 6)#) + .0+%#'+/8 2#+/ '/+$% $%'#/.()#, *#'4##% '"# $%'#/%+0 1(3*6)'$(% #%2$%# +%,
'"# 2#+/*(59 4"$1" "+) + 3$%$363 $3.+1' (% '"# 16//#%' '/+%)3$))$(% +/1"$'#1'6/#9 '"6) +00(4$%2 7(/ +
7+)'#/ '/+%)7#/ (7 '#1"%(0(28 +' 0(4 1()' +%, 4$'"(6' +%8 )$2%$7$1+%' ,$)'(/'$(%) (7 ,/$&$%2 )'80#<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# )8)'#3 +00(4) 7(/ 1"+%2#) '( '"# &#"$10# ./(.60)$(% )8)'#39 $3.0#3#%'$%2 '"# .())$*$0$'8 '( /#1(&#/
.+/' (7 '"# #%#/28 ,$))$.+'#, *8 '"# #%'/+$%3#%' (7 '"# $%'#/%+0 1(3*6)'$(% #%2$%# ,6/$%2 ,#1#0#/+'$(%
."+)#) +%, '"# '+..$%2 (7 #%#/28 ,6/$%2 %(/3+0 (.#/+'$(% '( *# 6)#, 7(/ )'+/'$%2 '"# #%2$%# (/ 7(/
'/+1'$(%9 4$'"(6' + '('+0 /#,#)$2% (7 '"# 1(3*6)'$(% #%2$%# +%, : (/ '"# '/+%)3$))$(%<
*+#,(-&.%/
!"# $%'#/%+0 1(3*6)'$(% #%2$%#) +/# 1"+/+1'#/$D#, *8 "$2" '"#/3+0 #77$1$#%18 &+06#) $% 0$3$'#, +/#+) (7 '"#
(.#/+'$%2 .0+%#< !"#/#7(/#9 '"# 6)# (7 '"# #%2$%# $% 1(%,$'$(%) (7 "$2" #77$1$#%18 3+8 ./(&$,# #&#% 3(/#
+,&+%'+2#)9 $% '#/3) (7 76#0 1(%)63.'$(%9 '"+% '"# ,#&#0(.3#%' (7 '"# #%2$%# $')#07< !( '"$) #%,9
3+%67+1'6/#/) "+&# ,#&#0(.#, 1(3.0#5 ./(.60)$(% )8)'#3) '"+' 2#%#/+008 ./(&$,# 7(/ '"# +$, (7 '4(
#0#1'/$1 3('(/) +%, /#V6$/# '"# 1(3.0#'# /#,#)$2% (7 '"# #%2$%#9 '"# '/+%)3$))$(% +%, '"# &#"$10# $')#07<
0B32-+#2
!"# $%&#%'$(% 1(%1#/%) + )8)'#3 '( '/+%)7(/3 + 1(%&#%'$(%+0 .(4#/ '/+$% 0+8(6'9 1(%)'$'6'#, *8 +%
$%'#/%+0 1(3*6)'$(% #%2$%# +%, + 2#+/*(59 $%'( + .(4#/ '/+$%9 4$'" +,,$'$(%+0 7#+'6/#)9 4"$1" /#V6$/#)
(%08 + /#&#/)+0 (7 '"# /('+'$(%+0 ,$/#1'$(% (7 '"# #%2$%# (/ (7 '"# 2#+/ *(5< !"# +,,$'$(%+0 7#+'6/# 1(%)$)')
$% '"# 1+.+*$0$'8 (7 /#1(&#/$%2 ;$%#'$1 &#"$10# #%#/289 $% .+/'$160+/ ,6/$%2 ,#1#0#/+'$(% +%, */+;$%2
."+)#)9 +%, '+..$%2 3#1"+%$1+0 #%#/28 ,6/$%2 %(/3+0 /6%%$%2<
!52'"
L8)'#3Q7(/Q&#"$10#Q./(.60)$(%<
J#7<QAIJQIJWIW
0335(%""839:;<=>;
<=>;C%3252.2":;CD;
D+5% 5%1"%2&-:;R.5(5;6";E575&
<&.%2-5"3:;C!?;H<!
H-5&-52) /+2":;MLKJMKMJIY
; ; ; ; ; ; ; ;
!
69
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
E2+/5& /5 E15'.44&
f% ./('('$.( ,#0 )$)'#3+ U $% 7+)# ,$ /#+0$DD+D$(%# %#$ 0+*(/+'(/$ ,#00@=S-AIJ9 .#/ 0+ &+06'+D$(%# +0 *+%1(
./(&+ ,#00# ./#)'+D$(%$<
!"#%&'&(5+
=0 )$)'#3+ )$ *+)+ )600@$%'#/.()$D$(%# ,$ 6% /('$)3( #.$1$10($,+0# '/+ $0 3('(/# # $0 1+3*$( 1"# $3.+''$ $0
3#%( .())$*$0# )600# +''6+0$ +/1"$'#''6/# ,$ '/+)3$))$(%#9 .#/ 6% .$b $33#,$+'( '/+)7#/$3#%'( '#1%(0(2$1( +
1()'$ 1(%'#%6'$ # )#%D+ )'/+&(02$3#%'$ ,#00( )'$0# ,$ 26$,+ ,#0 &#$1(0(<
N+%2+((5 " 044'5#+O5&%5
=0 ,$).()$'$&( 1(%)#%'# 0+ 3(,$7$1+ ,#0 )$)'#3+ ,$ ./(.60)$(%#9 $3.0#3#%'+%,( 0+ .())$*$0$'T ,$ /#16.#/+/#
.+/'# ,#00@#%#/2$+ ,$))$.+'+ + 1+6)+ ,#0 '/+)1$%+3#%'( ,#0 3('(/# '#/3$1( $% 7+)# ,$ ,#1#0#/+D$(%# # ,$
).$00+/# #%#/2$+ ,6/+%'# $0 %(/3+0# 76%D$(%+3#%'( ,+ 6)+/# .#/ 0@+&&$( ,#0 3('(/# ( .#/ 0+ '/+D$(%#9 )#%D+
/$./(2#''+/# 1(3.0#'+3#%'# $0 3('(/# '#/3$1( #:( 0+ '/+)3$))$(%#<
*+#,(-&.%/
= 3('(/$ + 1(3*6)'$(%# $%'#/%+ )(%( 1+/+''#/$DD+'$ ,+ #0#&+'$ &+0(/$ ,$ #77$1$#%D+ '#/3$1+ $% D(%# .$b ( 3#%(
/$)'/#''# ,#0 .$+%( ,$ 76%D$(%+3#%'(< g#/'+%'(9 .#/ /$,6//# $ 1(%)63$9 ./$&$0#2$+/# 0@6)( ,#0 3('(/# %#00#
1(%,$D$(%$ ,$ #0#&+'+ #77$1$#%D+9 .6` /$)60'+/# .$b &+%'+22$()( /$).#''( +00( )&$06..( ,#00( )'#))(< E '+0 7$%#9
#)$)'(%( 1(3.0#))$ )$)'#3$ ,$ ./(.60)$(%# 1"# ./#&#,(%( 0@+6)$0$( 2#%#/+03#%'# ,$ ,6# 3('(/$ #0#''/$1$ #
/$1"$#,(%( 0+ 1(3.0#'+ /$./(2#''+D$(%# ,#0 3('(/#9 ,#00+ '/+)3$))$(%# # ,#0 &#$1(0( )'#))(<
0B32-+#2
aj$%&#%D$(%# /$26+/,+ 6% )$)'#3+ .#/ '/+)7(/3+/# 6% 0+8(6' 1(%&#%D$(%+0# .#/ 0+ ./(.60)$(%#9 1()'$'6$'(
,+ 6% 3('(/# + 1(3*6)'$(%# $%'#/%+ # ,+0 1+3*$(9 $% 6%+ 0$%#+ ,$ '/+)3$))$(%# 1(% 76%D$(%+0$'T
+22$6%'$&#9 1"# /$1"$#,# )(0( 6%@$%&#/)$(%# ,#0 &#/)( ,$ /('+D$(%# ,#0 3('(/# ( ,#0 1+3*$(< a+ 76%D$(%+0$'T
+22$6%'$&+ 1(%)$)'# %#00+ 1+.+1$'T ,$ /#16.#/( ,#00j#%#/2$+ 1$%#'$1+ ,#0 &#$1(0(9 $% .+/'$1(0+/# ,6/+%'# 0#
7+)$ ,$ ,#1#0#/+D$(%# # 7/#%+'+9 # $% V6#00+ ,$ ).$00+/# #%#/2$+ 3#11+%$1+ ,6/+%'# $0 %(/3+0#
76%D$(%+3#%'(<
!52&'&
L$)'#3+Q,$Q./(.60)$(%#Q.#/Q&#$1(0(<
J$7<QAIJQIJWIW
!52&'+-";859:;<=>
C3252.2&:;CD;;
C%1"%2&-";/5;-5A"-57"%2&:;R.5(5;6";E575&
!"--52&-5;/5;15("%O+:;C!?;H<!
6+2+;/5;4-5&-52P:;MLKJMKMJIY
; ; ; ;;";!"#%&'&(5";4"-;'QG%"-(5+;";5;!-+34&-25
!
70
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# '/+%),61#/@) (.#/+'$%2 ./$%1$.0# $) '"# 1(%&#/)$(% (7 '"# ,#70#1'$(% (7 )#%)$'$&# *#+3)9 1+6)#, *8
7(/1#) (% '"# )"+7'9 $%'( + &(0'+2# )$2%+0 6)$%2 )'/+$% 2+62#) )#%)(/)<
!"# '/+%),61#/ $) 1(3.()#, (7 $%,#.#%,#%' )'/61'6/#)9 3+1"$%#, $% (/,#/ '( ,#1(6.0# '"# 7(/1#@)
1(3.(%#%') +%, #0$3$%+'# #77#1') ,6# '( *#%,$%2 3(3#%')<
*+#,(-&.%/
!"# 7$/)' .6/.()# (7 '"# '/+%),61#/ $) 2($%2 '( *# '"# 3#+)6/# (7 0+'#/+0 7(/1#) +1'$%2 (% ./(.#00#/) ,6/$%2
3(,#0 '#)'< f)6+008 '"# 3#+)6/# (7 ./(.#00#/@) '/+%)&#/)+0 0(+,) +/# .#/7(/3#, 6)$%2 ,#,$1+'#,
$%)'/63#%')9 '"+' +00(4 '( )'6,8 (%08 '"# ./(.#00#/9 $% )( 1+00#, \(.#% 4+'#/\ '#)')< !"6)9 '"# ./(.#00#/ $)
)#.+/+'#, 7/(3 '"# &#"$10# )( "600@) 1(%'/$*6'$(%) (/ $%'#/+1'$(%) +/# 3(,#0#, (%08 $% '"#(/#'$1+0
3+'"#3+'$1+0 )$360+'$(%)<
0/1+%2+("3 +%/ 044'5#+25&%3
f)$%2 '"$) '/+%),61#/ $) .())$*0# '( .#/7(/3 3#+)6/#3#%') $% + /#+0 (.#/+'$&# 1(%,$'$(%9 4(/;$%2 *('" +) +
7/+3# +%, +) 3#+)6/$%2 ,#&$1#< B'"#/ +..0$1+'$(%) 4(60, *# '6/*$%# (/ +$/7($0 '#)' $%'( 4$%,:1+&$'+'$(%
'6%%#09 3#+)6/#3#%') (7 0(+,) (% )'/61'6/#):#V6$.3#%') '"+' 7(/#)## '"# 6)# (7 0(+,#, /(,) (/ )"+7')9 +)
+6'(3+'$(% +%, 1(%'/(0 )8)'#39 +6'(3('$&# 3(%$'(/$%2 (/ JÅY ./#0$3$%+/8 +%, ./('('8.$%2
3#+)6/#3#%')<
6"1"'&47"%2 32+("
E ./('('8.# "+) *##% +0/#+,8 ,#&#0(.#,< E '#)' )#))$(% (% 7600 #5.#/$3#%'+0 )#'6.9 '"+' $) '"# '/+%),61#/
3(6%'#, (% &#))#0 3(,#0@) )"+7' 0$%#9 $% (/,#/ '( 3#+)6/# *#+/$%2 0(+,) ,6/$%2 7/## /6%%$%2 3+%#6&#/$%2
'#)')9 "+) *##% .#/7(/3#,< !"()# '#)')9 *#)$,#) &+0$,+'$%2 '"# 1(//#1' *#"+&$(/ (7 '"# '/+%),61#/9 )"(4#,
)(3# %#4 ."#%(3#%(0(2$1+0 +).#1') '"+' "+&# *##% ./#)#%'#, (% )#&#/+0 .6*0$)"#, .+.#/< Z6/'"#/
#5.#/$3#%'+0 +..0$1+'$(%) +/# 7(/#)##% (% )#+ 70(4 '6/*$%#)<
0335(%""839:;<=>
<=>;C%3252.2":;;C=D;8C=EG0=9
D+5% C%1"%2&-:;X+B-5O5&;_-2&'+%5
<&.%2-5"3:;C!
H-5&-52) /+2":;MLKJUKMJIT
!52'"
J+,$+0 7(/1# '/+%),61#/9 $% .+/'$160+/ 7(/ /('+'$%2
)"+7')<
J#7<QAIJQIJUJW
0B32-+#2
J+,$+0 7(/1#) 3#+)6/#3#%' (% /('+'$%2 )"+7' $) (7'#% + 1"+00#%2#< !"# 6)# (7 )'/+$% 2+62#) 3(6%'#,
,$/#1'08 (% '"# )"+7' /#V6$/#) '"# 6)# (7 )0$. /$%2) (/ + /+,$( 0$%; $% (/,#/ '( .(4#/ '"# )8)'#3 +%, +1V6$/#
,+'+< S(/#(&#/ 6%,#/4+'#/ +..0$1+'$(%) (/ $%'( + ,$/'8 #%&$/(%3#%' +/# #&#% 3(/# ,$77$160' '( +1"$#&#<
E 16)'(3#/ .+)) '"/6-"(0#9 )'/+$% 2+62#) *+)#,9 *$+5$+0 7(/1# '/+%),61#/ "+) *#$%2< Y#&#0(.#, '( V6+%'$78
/+,$+0 7(/1#) +1'$%2 (% + /('+'$%2 )"+7' =' $) ,#)$2%#, '( *# 3(6%'#, +) )"+7'@) 7/+3# +%, $' 1(%&#/')
)"+7'@) ,#70#1'$(%) $%'( 7(/1#) 3#+)6/# 6)$%2 )#%)$'$&# .0+'#) #V6$..#, 4$'" )'/+$% 2+62#)< S(/#(&#/9
)1+0+*$0$'8 +%, )#%)$'$&$'8 1+% *# 1"+%2#, $% + 4$,# /+%2# ^6)' 3(,$78$%2 3+$% *(,8 ,$3#%)$(%) (/
)#%)$'$&# .+/')@ '"$1;%#))<
H
; ; ; ; ; ;
71
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 ./$%1$.$( ,$ 76%D$(%+3#%'( ,#0 '/+),6''(/# U 0+ 1(%&#/)$(%# ,#00+ ,#70#))$(%# ,$ .+/'$ 3#11+%$1"#
)#%)$*$0$9 1+6)+'+ ,+ 7(/D# )600j+0*#/(9 $% 6% )#2%+0# ,$ '#%)$(%#9 +''/+&#/)( 0@$)'+00+D$(%# ,$ #)'#%)$3#'/$< =0
'/+),6''(/# U 1()'$'6$'( ,+ )'/6''6/# $%,$.#%,#%'$9 /#+0$DD+'# $% 3(,( ,+ ,$)+11(..$+/# 0# 1(3.(%#%'$
,#00+ 7(/D+ #, #0$3$%+/# 20$ #77#''$ ,(&6'$ +$ 3(3#%'$ 70#''#%'$<
*+#,(-&.%/
=0 '/+),6''(/# U )'+'( 1(%1#.$'( .#/ 0+ 3$)6/+ ,#00# 7(/D# 0+'#/+0$ 1"# +2$)1(%( )600# #0$1"# %#00@#)#16D$(%# ,$
./(&# )6 3(,#00$< L(0$'+3#%'# 0# 3$)6/# ,#$ 1+/$1"$ '/+)&#/)+0$ ,#00j#0$1+ &#%2(%( #)#26$'# 1(% )'/63#%'$ +,-
"(19 1"# .#/3#''(%( ,$ )'6,$+/# 0j#0$1+ 1()$,,#''+ \$)(0+'+] ( $% \(.#% 4+'#/w< =% V6#)'( 3(,(9 .#/`9 0@#0$1+
U )#.+/+'+ ,+00( )1+7( #, $ 1(%'/$*6'$ ,$ V6#)'@60'$3(9 ( 0# $%'#/+D$(%$9 &#%2(%( 3(,#00+'$ )(0( $% )$360+D$(%$
3+'#3+'$1"# '#(/$1"#<
N+%2+((5 " 044'5#+O5&%5
=0 '/+),6''(/#9 0+&(/+%,( )$+ 1(3# )6..(/'( 1"# 1(3# ,$).()$'$&( ,$ 3$)6/+9 7(/%$)1# ,+'$ /#0+'$&$ +, 6%+
/#+0# 1(%,$D$(%# (.#/+'$&+< a# +..0$1+D$(%$ .())(%( /$26+/,+/# )'6,$ )6 '6/*$%# ( ./(7$0$ +0+/$9 3$)6/+D$(%$ ,#$
1+/$1"$ )6 )'/6''6/#:+''/#DD+'6/# $%,6)'/$+0$ 1"# ./#&#,(%( 0j6'$0$DD( ,$ +))$ 1+/$1+'$ ( +0*#/$9 0j+6'(3+D$(%# # $
)$)'#3$ ,$ 1(%'/(00(9 $0 3(%$'(/+22$( $% +3*$'( +6'(3('$&#9 JÅL ./#0$3$%+/# # 3$)6/# .#/ 0+ ./('('$.+D$(%#<
E2+/5& /5 315'.44&
f% ./('('$.( U $% 6)( .#/ 0# ./(&# ).#/$3#%'+0$ ,#00@=)'$'6'(< G@ )'+'+ 1(%,(''+ 6%+ )#))$(%# ,$ ./(&# 1(% $0
'/+),6''(/# 3(%'+'( )600+ 0$%#+ ,@+))# ,$ 6% 3(,#00( ,$ %+&#9 .#/ 3$)6/+/# $ 1+/$1"$ )6$ 16)1$%#''$ ,6/+%'#
0# 3+%(&/#< = '#)'9 (0'/# + &+0$,+/# $0 76%D$(%+3#%'( ,#0 '/+),6''(/#9 "+%%( #&$,#%D$+'( $3.(/'+%'$
7#%(3#%(0(2$#9 +0'/$3#%'$ %(% $%&#)'$*$0$9 ./#)#%'+'# $% ,$&#/)$ +/'$1(0$ )1$#%'$7$1$< a# 76'6/# +..0$1+D$(%$
/$26+/,+%( 20$ )'6,$ )600# '6/*$%# 3+/$%#<
!52&'+-"859:;;<=>
C3252.2&:;C=D;8C=EG0=9
C%1"%2&-";/5;-5A"-57"%2&:;X+B-5O5&;_-2&'+%5
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;MLKJUKMJIT
!52&'&
!/+),6''(/# ,$ 7(/D# /+,$+0$9 $% .+/'$1(0+/# .#/ +0*#/$
/('+%'$<
J$7<QAIJQIJUJW
0B32-+#2
a+ 3$)6/+ ,#00# 7(/D# /+,$+0$ 1"# +2$)1(%( )6 6% +0*#/( /('+%'# ,6/+%'# 0+ )6+ /('+D$(%# U ).#))( ,$77$1$0#
# '$.$1+3#%'# 1(%,(''+ 6'$0$DD+%,( #)'#%)$3#'/$9 3(%'+'$ ,$/#''+3#%'# )600j+0*#/(W V6#)'( '$.( ,$ 3$)6/+
/$1"$#,# 0j6)( ,$ )0$.-/$%2) ( ,$ 6% 1(00#2+3#%'( /+,$( +0 7$%# ,$ +0$3#%'+/# $0 )$)'#3+ # +1V6$)$/# ,+'$<
=%(0'/#9 .#/ +..0$1+D$(%$ )6*+1V6## ( $% +3*$#%'# ).(/1( '+0$ 3$)6/# )(%( +%1(/+ .$b ,$77$1$0$ ,+
/#+0$DD+/#< B22#''( ,#0 ./#)#%'# */#&#''( U 6% '/+),6''(/# $%%(&+'$&(9 *+)+'( )600@$3.$#2( ,$
#)'#%)$3#'/$ # 3(%'+'( )6 6% +0*#/( /('+%'#9 $% 2/+,( ,$ 3$)6/+/# 1+/$1"$ /+,$+0$ ,6/+%'# 0+ /('+D$(%#
,#00@+0*#/( )'#))(9 )#%D+ $%'#/7#/$/# 1(% #))+9 # '+0# ,+ (77/$/# 6%+ (''$3+ )1+0+*$0$'T # 0+ .())$*$0$'T ,$
3(,$7$1+/# 0+ )#%)$*$0$'T $% 6% +3.$( /+%2# ,$ &+0(/$9 )#3.0$1#3#%'# 3(,$7$1+%,( ,$3#%)$(%$ ,#0 1(/.(
./$%1$.+0# ( 0( ).#))(/# ,#00# .+/'$ )#%)$*$0$<
*
; ; ; ; ; ; ; ; ; ;
72
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# ./#0(+, $%%#/ )6/7+1# $) 1(%)'$'6'#, *8 + 1(/%#/-16*# +//+%2#3#%' 1+.+*0# '( /#70#1' *+1; $%'( '"#
0(+, +00 '"# /+8) 1(3$%2 (6' +' + 0+/2# +%20# 4"$0# %(' $%'#/7#/$%2 4$'" '"# $%1(3$%2 *#+3< !"# ,#&#0(.#,
,#&$1# 1+% $%,$&$,6+008 *# (*'+$%#, *8 3#1"+%$1+0 4(/;$%2 7/(3 + )$%20# *0(1; (7 3#'+0 +%, $%%#/ '6/%$%2
(/ +))#3*0$%2 )$%20# 4(/;#, )#1'$(%)F $% '"# 7$/)' 1+)# '"# ,#&$1# $) &+1663 1(3.+'$*0# +%, 1+% +0)( *#
6)#, $% (/,#/ '( .63. ,(4% '"# )8)'#3<
*+#,(-&.%/
=% '"# ,#&#0(.3#%' (7 3$1/(4+&# +*)(/*$%2 0(+,)9 ,6# '( '"# 2#(3#'/8 (7 '"# )8)'#39 + 1#/'+$% 7/+1'$(% (7
'"# *(6%1$%2 /+,$+'$(% 1+% #)1+.# 7/(3 '"# 0(+, #%'/+%1#F ,#.#%,$%2 (% '"# 1"+/+1'#/$)'$1) (7 '"# 0(+,9 6.
'( PO? (7 '"# .(4#/ 1+% *# /#70#1'#, +' +%20#) 2/#+'#/ '"+% HO| 7/(3 '"# +5$) (7 )833#'/8< L+7# (.#/+'$(% (7
"$2" .(4#/ )(6/1#) +);) 7(/ (&#/+00 /#70#1'$(%) 7/(3 '"# 0(+, 0(4#/ '"+% +*(6' P?< =% (/,#/ '( /#,61# '"$)
+3(6%'9 +% #5'#/%+0 ./#0(+, $) +,,#, $% 7/(%' (7 '"# 0(+,<
0/1+%2+("3 +%/ 044'5#+25&%3
e$'"(6' ./#0(+,9 + 0(+, 1+% /#70#1' 6. '( PO? (7 '"# $%^#1'#, .(4#/< !"# ,#&#0(.#, +11#))(/8 1+% /#,61#
'"# /#70#1'$(% ,(4% '( P?9 $3./(&$%2 '"# (.#/+'$(% (7 + 0(+, 7(/ '"# +*)(/.'$(% +%, '"# 3#+)6/# (7
.(4#/760 3$1/(4+&# *#+3)< =' $) 6)#760 $% +00 '"# 7$#0,) '"+' ,#3+%, 6)# +%,:(/ ,#&#0(.3#%' (7 .(4#/760
3$1/(4+&# )(6/1#)9 4$'" 7/#V6#%18 (7 POOÇCOO d[D +%, .(4#/ (7 PÇC 3#2+4+''<
6"1"'&47"%2 32+("
Y#&$1#) 7(/ 6)# 6%,#/ &+1663 +%, $% +$/ "+&# *##% ,#&#0(.#, +%, +..0$#, '( 0(+,) *6$0' 7(/ G6/(.#+%
0+*(/+'(/$#) 4(/;$%2 (% '"# ,#&#0(.3#%' (7 "$2"-.(4#/ 3$1/(4+&# )(6/1#) +%, (% 3$1/(4+&# "#+'$%2 (7
.0+)3+) 7(/ +..0$1+'$(% '( I610#+/ Z6)$(% /#)#+/1"<
0335(%""839:;<=>
<=>;C%3252.2":;CXH
D+5% C%1"%2&-:;0'"33+%/-&;*-.3#$5
<&.%2-5"3:;C!
H-5&-52) /+2":;UJKJLKMJJT
!52'"
Y#&$1# 7(/ '"# /#,61'$(% (7 *+1; )1+''#/#, /+8) 7/(3
+ 0(+, )6*^#1'#, '( 3$1/(4+&# /+,$+'$(% *8 + )(6/1#
K./#-0(+,M<
J#7<QAIJQISM[
0B32-+#2
=' $) 1(33(% ./+1'$1#9 4"$0# ,#&#0(.$%2 +%, 6)$%2 .(4#/760 3$1/(4+&# )(6/1#)9 '( 6)# + 1+&$'8 K\0(+,]M
$% (/,#/ '( +*)(/* '"# 2#%#/+'#, .(4#/ +%, $% )(3# 1+)#) '( ./(&$,# + 3#+)6/# (7 '"# +*)(/*#, .(4#/
K\*(0(3#'/$1 0(+,]M< !"# 3$1/(4+&#)9 $% )"+.# (7 1(%1#%'/+'#, *#+39 +/# $%^#1'#, $% '"# 0(+, '"/(62" +%
+../(./$+'# (.#%$%2< E% #0#&+'#, /#70#1'$(%9 *#8(%, '( *#$%2 "+/3760 7(/ '"# )(6/1#9 $% '"# *(0(3#'/$1
0(+, 1+)# ,(#) %(' +00(4 +% +116/+'# 3#+)6/#< !"# ,#&#0(.#, ,#&$1# $) 1(%)'$'6'#, 7/(3 + 3#'+00$1 *(,8
4$'" .+))$%2 1+&$'8 +%, 1(%&#%$#%' $%%#/ 2#(3#'/8 K(..()$'# 1(%# )#1'$(%)M9 )61" %(' '( *0(1; +
3$1/(4+&# *#+3 $%1(3$%2 $% + 0(+, *6' '( )6../#)) '"# /#70#1'#, /+,$+'$(% '(4+/,) '"# )(6/1#< !"+' $)
.())$*0# *#1+6)# '"# 3$1/(4+&# /+,$+'$(% $%)$,# '"# 0(+, /#70#1') 4$'" + 2/#+' +%260+/ ,$).#/)$(% +' '"#
3(6'" (7 '"# 0(+,<
H
; ; ; ; ; ;
R_06
6GNC<G
E_@><GDC<>
_c0NG;
73
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
a+ )6.#/7$1$# $%'#/%+ ,#0 ./#-1+/$1( U 1()'$'6$'+ ,+ 6%+ 2#(3#'/$+ + /#'/(-/$70#''(/#9 1+.+1# ,$ /$70#''#/#
$%,$#'/( %#0 1+/$1( '6''$ $ /+22$ 1"# $%1$,(%( + 2/+%,# +%2(0(9 )#%D+ $%'#/7#/$/# 1(% $0 7+)1$( $%1$,#%'#< =0 ./#-
1+/$1( .6` #))#/# (''#%6'( .#/ 0+&(/+D$(%# 3#11+%$1+ ,+ 6% )$%2(0( *0(11( ,$ 3#'+00( # '(/%$'6/+ $%'#/%+
(..6/# +))#3*0+%,( )$%2(0# )#D$(%$ $%,$&$,6+03#%'# 0+&(/+'#F %#0 ./$3( 1+)( $0 '/(&+'( U 1(3.+'$*$0# 1(%
6% 6'$0$DD( )(''(&6('( # .6` +%1"# #))#/# 6'$0$DD+'( .#/ $0 .(3.+22$( ,#0 )$)'#3+<
*+#,(-&.%/
I#00( )&$06..( ,$ 1+/$1"$ +))(/*#%'$ .#/ 3$1/((%,#9 + 1+6)+ ,#00+ 2#(3#'/$+ ,#0 )$)'#3+9 6%+ 1#/'+ 7/+D$(%#
,#00+ /+,$+D$(%# $%1$,#%'# .6` )7622$/# ,+00@$%2/#))( ,#0 1+/$1(F + )#1(%,+ ,#00# 1+/+''#/$)'$1"# ,#0 1+/$1(9 7$%(
+0 PO? ,#00+ .('#%D+ .6` #))#/# /$70#))+ +, +%2(0$ 7$%( + HO| /$).#''( +00@+))# ,$ )$33#'/$+< a@(.#/+D$(%# )$16/+
,#00# )(/2#%'$ +, +0'+ .('#%D+ /$1"$#,# 6%+ /$70#))$(%# 20(*+0# ,#0 1+/$1( $%7#/$(/# +00@P?W + V6#)'( )1(.(
&$#%# +22$6%'( ,$ 7/(%'# +0 1+/$1( 6% (..(/'6%( \./#-1+/$1(]<
N+%2+((5 " 044'5#+O5&%5
f% 1+/$1( .6` /$70#''#/# 7$%( +0 PO? ,#00+ .('#%D+ $%$#''+'+W $0 ,$).()$'$&( (22#''( ,#0 ./#)#%'# */#&#''(
1(%)#%'# ,$ +**+''#/# 0+ /$70#))$(%# 7$%( + 3#%( ,#00@ P? # 3$20$(/+ $0 76%D$(%+3#%'( ,$ 6% 1+/$1( .#/
0@+))(/*$3#%'( # 0+ 3$)6/+ ,$ 7+)1$ ,$ 3$1/((%,# ,$ .('#%D+< G@ 6'$0# $% '6''$ $ 1+3.$ 1"# /$1"$#,+%( 0@6)( #:( 0(
)&$06..( ,$ )(/2#%'$ ,$ 3$1/((%,# ,$ .('#%D+9 1(% 7/#V6#%D+ ,$ POOÇCOO d[D # .('#%D+ ,$ PÇC 3#2+4+''<
E2+/5& /5 315'.44&
L(%( )'+'# )&$06..+'# # +..0$1+'# ,$&#/)# &#/)$(%$ .#/ 0@6)( )(''(&6('( ( $% +/$+ )6 1+/$1"$ .#/ 0+*(/+'(/$
G6/(.#$ 1"# 0+&(/+%( +00( )&$06..( ,$ )(/2#%'$ + 3$1/((%,# +, +0'+ .('#%D+ ( )60 /$)1+0,+3#%'( +
3$1/((%,# ,$ .0+)3$ .#/ +..0$1+D$(%# +00+ /$1#/1+ )600+ Z6)$(%# I610#+/#<
!52&'+-"859:;;<=>
C3252.2&:;CXH
C%1"%2&-";/5;-5A"-57"%2&:;0'"33+%/-&;*-.3#$5
!"--52&-5;/5;15("%O+:;C!
6+2+;/5;4-5&-52P:;UJKJLKMJJT
!52&'&
Y$).()$'$&( ,$ /$,6D$(%# ,#$ /+22$ ,$ /$'(/%( ,+ 6%
1+/$1( )(22#''( + /+,$+D$(%# + 3$1/((%,# ,+ .+/'#
,$ 6%+ )(/2#%'# K./#-1+/$1(M<
J$7<QAIJQISM[
0B32-+#2
I#00+ ./+'$1+ ,#00( )&$06..( # ,#00@6)( ,$ )(/2#%'$ ,$ 3$1/((%,# ,$ .('#%D+9 U 1(36%# 0@6'$0$DD( ,$ 6%+
1+&$'T K\1+/$1(]M +''+ +, +))(/*$/# 0+ .('#%D+ 2#%#/+'+ ,+00+ )(/2#%'# #, #&#%'6+03#%'# 7(/%$/%# 6%+
3$)6/+ K\1+/$1( *(0(3#'/$1(]M< a# 3$1/((%,#9 $% 7(/3+ ,$ 7+)1$( 1(%1#%'/+'(9 &#%2(%( $%$#''+'# %#0 1+/$1(
+''/+&#/)( +..()$'+ +.#/'6/+W 6%@#0#&+'+ /$70#))$(%#9 (0'/# +, #))#/# ,+%%()+ .#/ 0+ )(/2#%'#9 %#0 1+)( ,$
1+/$1( *(0(3#'/$1( %(% 1(%)#%'# 6%+ 3$)6/+ +116/+'+< 00 '/(&+'( U 1()'$'6$'( ,+ 6% 1(/.( 3#'+00$1( 1(%
1+&$'T .+))+%'# # 2#(3#'/$+ $%'#/%+ (..(/'6%+ K+ '/(%1"$ ,$ 1(%( 1(%'/+..()'$M9 '+0# ,+ %(% ()'+1(0+/#
0@$%2/#))( ,$ 6% 7+)1$( ,$ 3$1/((%,# $% 6% 1+/$1( 3+ (..(/)$ +00+ /$70#))$(%# ,#00+ /+,$+D$(%# &#/)( 0+
)(/2#%'#W 1$` U .())$*$0# .($1"l +00@$%'#/%( ,#0 1+/$1( 0+ /+,$+D$(%# + 3$1/((%,# .#/,# 0+ )6+ 1+/+''#/$)'$1+
,$ 7+)1$( # &$#%# /$70#))+ $% 3(,( %(% (/2+%$DD+'( # 1(% 2/+%,# ,$).#/)$(%# +%2(0+/# +00+ *(11+ ,#0 1+/$1(<
; ; ; ; ; ; ; ; ; ;
74
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
!"# $%&#%'$(% 1(%)$)') $% + 0(+, (7 + "(00(4 1(..#/ )."#/# K*(0(3#'/$1 0(+,M 4$'" + )./#+,$%2 3$//(/ $%
7/(%' (7 '"# *#+3 #%'/+%1#< !"# 3$00$3#'#/-4+&# +*)(/.'$(% (116/) $% + '"$% 1#/+3$1 1(+'$%2 ,#.()$'#, *8
g0+)3+ L./+8 '#1"%(0(28< E% #5'#/%+0 1((0$%2 1$/16$' /#3(&#) '"# +*)(/*#, '"#/3+0 #%#/28< !"# .(4#/
3#+)6/#3#%' $) .#/7(/3#, +1V6$/$%2 '"# ,$77#/#%1# *#'4##% $%.6' +%, (6'.6' '#3.#/+'6/# (7 '"# 1((0$%2
706$, +%, '"# 70(4 /+'#<
*+#,(-&.%/
!"# 6)# (7 '"# *(0(3#'/$1 0(+,) 1(%1#/%) +00 )#1'(/) 4"#/# "$2" .(4#/ 3$1/(4+&# )(6/1#) K28/('/(%)M +/#
#3.0(8#,< =% '"# 7/+3#4(/; (7 '"#/3(%610#+/ 76)$(% /#)#+/1" '"# 28/('/(%) +/# #3.0(8#, $% #5.#/$3#%') (7
g0+)3+ [#+'$%2 4$'" 7/#V6#%1$#) $% '"# /+%2# Co d[D - PnO d[D< !"# #5.#1'#, $%1/#+)# (7 '"# .(4#/ 1+00) 7(/
%#4 '#1"%(0(2$1+0 )(06'$(%) $% 3+%67+1'6/$%2 *(0(3#'/$1 0(+,)9 .+/'$160+/08 $% 3+;$%2 6)# (7 0+8#/ (7
3$1/(4+&#-+*)(/*$%2 1#/+3$1) &#/8 /#)$)'+%' '( '"#/3+0 )"(1;)<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# 3+$% +,&+%'+2# $) ,6# '( '"# 1(+'$%2 (7 q(/(% A+/*$,# KqHAM ,#.()$'#, $% '"# $%%#/ 4+00 (7 '"# 0(+,< !"#
qHA "+) *#''#/ /#)$)'+%1# '( '"# '#3.#/+'6/# +%, )"(4) +% $3./(&#, 3$1/(4+&# +*)(/.'$(% 1(3.+/#, 4$'"
('"#/ 1(+'$%2)< !"# *(0(3#'/$1 0(+, 4$'" *#''#/ .#/7(/3+%1#) +00(4) .(4#/ 3#+)6/#3#%') (7 28/('/(%) (7
'"# %#4 2#%#/+'$(% KC Se 1(%'$%6(6) .(4#/M<
6"1"'&47"%2;32+("
!"# ,#&$1# "+) *##% ,#)$2%#, $% ,$77#/#%' &#/)$(%) +%, ./('('8.#)9 1(+'#, 4$'" + '/+,$'$(%+0 +*)(/*#/ +%,
'#)'#, $% G6/(.#+% a+*(/+'(/$#)9 '"6) ,#3(%)'/+'$%2 '"# )6$'+*$0$'8 (7 '"# ,#)$2%< !"# %#4 1(+'$%2 "+)
*##% ,#.()$'#, (% )3+00 )+3.0#) +%, '#)'#, $% a+*(/+'(/89 )"(4$%2 )6.#/$(/ .#/7(/3+%1#) *('" 7(/
+*)(/*+%1# +%, 7(/ /#)$)'+%1# '( '"#/3+0 )"(1;)< ='@) 0$1#%)#, '( a!A+01(0$ )/0<
0335(%""839:;<=>
<=>;C%3252.2":;CXH
D+5% C%1"%2&-:;=5#&'d;E45%5##$5+
<&.%2-5"3:;@E
H-5&-52) /+2":;MTKJMKMJJW
!52'"
q(0(3#'/$1 ,#&$1# 4$'" /#1#$&$%2 1+&$'8 7(/ "$2"
.(4#/ 3$1/(4+&# *#+3 3#+)6/#3#%') +' "$2"
7/#V6#%18 +%, ./(1#,6/# '( 1(+' '"# $%%#/ )6/7+1#
(7 '"# 0(+,<
J#7<QAIJQISWY
0B32-+#2
!"# ,#&#0(.3#%' (7 .(4#/760 3$1/(4+&# )(6/1#) /#V6$/#) '"# 6)# (7 + 1+&$'8 K\0(+,]M $% (/,#/ '( +*)(/*
'"# 2#%#/+'#, .(4#/ +%, $% )(3# 1+)#) '( ./(&$,# + 3#+)6/# (7 '"# +*)(/*#, .(4#/ K\*(0(3#'/$1
0(+,]M< !"# 3$1/(4+&#)9 6)6+008 $% 1(%1#%'/+'#, *#+3)9 +/# $%^#1'#, $% '"# 0(+, '"/(62" +% +../(./$+'#
(.#%$%2 *6' + 0(+, 1+% /#70#1' 6. '( PO? (7 '"# $%^#1'#, .(4#/< E% #0#&+'#, /#70#1'$(%9 *#8(%, '( *#$%2
"+/3760 7(/ '"# )(6/1#9 $% '"# *(0(3#'/$1 0(+, 1+)# ,(#) %(' +00(4 +% +116/+'# 3#+)6/#<
Z(/ '"# ,#&#0(.3#%' (7 '"#)# 0(+,)9 +,&+%1#, ,#)$2% +%, 1(%)'/61'$(% '#1"%$V6#) +/# /#V6$/#,9
.+/'$160+/08 $% '"# ,#7$%$'$(% (7 '"# '"$1;%#)) +%, '"# ,#.()$'$(% (7 '"# 1#/+3$1) 0+8#/9 '"+' "+) '( *# *('"
3$1/(4+&#-+*)(/*$%2 +%, &#/8 /#)$)'+%' '( '"#/3+0 )"(1;)< !"# 1(+'$%29 (*^#1' (7 '"$) $%&#%'$(% +%,
)#0#1'#, +7'#/ + %63*#/ (7 '#)')9 +00(4) + /#,61'$(% $% /#70#1'$(% '( 0#)) '"+% P?<
H
; ; ; ; ; ;
75
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
=0 ,$).()$'$&( ,$ 3$)6/+ (22#''( ,#0 */#&#''( 1(%)$)'# ,$ 6%+ )7#/+ ,$ /+3# K1+/$1( *(0(3#'/$1(M9 1(% 6%+
+.#/'6/+ .#/ .#/3#''#/# 0j$%2/#))( ,#00+ /+,$(7/#V6#%D+ +00j$%'#/%( ,$ 6%+ 1+&$'T /$1#&#%'#W ,$ 7/(%'# +00+
+.#/'6/+ U ,$).()'( 6%( ).#11"$( ,$&#/2#%'# +, +0'+ /$70#''$&$'T< a@+))(/*$3#%'( ,#00+ /+,$+D$(%# +&&$#%#
3#,$+%'# 6%( )'/+'( 1#/+3$1( ,#.()$'+'( )600+ )6.#/7$1$# $%'#/%+ +''/+&#/)( 0+ '#1%$1+ ,#0 .0+)3+ )./+8<
*+#,(-&.%/
a@6'$0$DD( ,#$ 1+/$1"$ *(0(3#'/$1$ /$26+/,+ '6''$ $ )#''(/$ $% 16$ &#%2(%( $3.$#2+'$ )(/2#%'$ ,$ 3$1/((%,#
K28/('/(%)M +, +0'+ .('#%D+< I#0 1+)( ,#00+ 76)$(%# '#/3(%610#+/# $ 28/('/(%) &#%2(%( $3.$#2+'$ %#20$
#).#/$3#%'$ ,$ /$)1+0,+3#%'( ,#$ .0+)3+ # 0+ 7/#V6#%D+ 6'$0$DD+'+ U 1(3./#)+ %#0 /+%2# Co d[D - PnO d[D<
a@6'$0$DD( ,$ )(/2#%'$ + 3$1/((%,# )#3./# .$b .('#%'$ (**0$2+ +, 6% 1(%'$%6( ./(2/#))( '#1%(0(2$1( %#00+
1()'/6D$(%# ,$ )$)'#3$ ,$ 3$)6/+ ,#00+ .('#%D+ ,#0 7+)1$( ,$ 3$1/((%,#<
N+%2+((5 " 044'5#+O5&%5
a@$%%(&+D$(%# ./$%1$.+0# /$)$#,# %#0 /$&#)'$3#%'( ,$ A+/*6/( ,$ q(/( KqHAM ,#00# .+/#'$ $%'#/%# ,#0 1+/$1(< =0
qHA9 (0'/# +, +&#/# 6%@(''$3+ /#)$)'#%D+ +00+ '#3.#/+'6/+9 3$20$(/+ %('#&(03#%'# 0@+))(/*$3#%'( ,#00#
3$1/((%,# /$).#''( +20$ +0'/$ ,#.()$'$< =0 1+/$1( *(0(3#'/$1( 1(% $0 %6(&( /$&#)'$3#%'( ,(&/#**# +&#/#
./#)'+D$(%$ )6.#/$(/$ .#/ 0+ 3$)6/+ ,#00+ .('#%D+ ,#$ %6(&$ 28/('/(%) KC Se $% 1(%'$%6+M<
E2+/5& /5 315'.44&
=0 ,$).()$'$&( U )'+'( ./(2#''+'( $% .$b &#/)$(%$ # $ ./('('$.$9 /$1(.#/'$ 1(% 3+'#/$+0# +))(/*$'(/#
'/+,$D$(%+0#9 '#)'+'$ $% 0+*(/+'(/$ G6/(.#$ ,$3()'/+%,( 0+ &+0$,$'T ,#0 ./(2#''(< =0 %6(&( 3+'#/$+0# U )'+'(
./(&+'( )6 1+3.$(%$ ,$ /$,(''# ,$3#%)$(%$ # '#)'+'( $% 0+*(/+'(/$(9 ,$3()'/+%,()$ )6.#/$(/# + V6#00(
'/+,$D$(%+0# .#/ +))(/*$3#%'( # /#)$)'#%D+ +00+ '#3.#/+'6/+< a!A+01(0$ )/0 %# "+ +1V6$)$'( 0$1#%D+ #)106)$&+<
!52&'+-"859:;;<=>
C3252.2&: CXH
C%1"%2&-";/5;-5A"-57"%2&:;=5#&'d;E45%5##$5+
!"--52&-5;/5;15("%O+:;@E
6+2+;/5;4-5&-52P:;MTKJMKMJJW
!52&'&
Y$).()$'$&( *(0(3#'/$1( + 1+&$'T /$1#&#%'# .#/ 0+
3$)6/+ ,#00+ .('#%D+ ,$ 6% 7+)1$( ,$ 3$1/((%,# +,
+0'+ 7/#V6#%D+ # ./(1#,$3#%'( .#/ $0 /$&#)'$3#%'(
,#00+ )6.#/7$1$# $%'#/%+ ,$ ,#''+ 1+&$'T<
J$7<QAIJQISWY
0B32-+#2
a( )&$06..( ,$ )(/2#%'$ ,$ 3$1/((%,# ,$ .('#%D+ /$1"$#,# 0@6'$0$DD( ,$ 6%+ 1+&$'T K\1+/$1(]M .#/ +))(/*$/# 0+
.('#%D+ 2#%#/+'+ ,+00+ )(/2#%'# #, #&#%'6+03#%'# 7(/%$/%# 6%+ 3$)6/+ K\1+/$1( *(0(3#'/$1(]M<
a# 3$1/((%,#9 $% 7(/3+ ,$ 7+)1$( 1(%1#%'/+'(9 &#%2(%( $%$#''+'# %#0 1+/$1( +''/+&#/)( +..()$'+ +.#/'6/+
3+ 6% 1+/$1( .6` /$70#''#/# 7$%( +0 PO? ,#00+ .('#%D+ $%$#''+'+< f%@#0#&+'+ /$70#))$(%#9 (0'/# +, #))#/#
,+%%()+ .#/ 0+ )(/2#%'#9 %#0 1+)( ,$ 1+/$1( *(0(3#'/$1( %(% 1(%)#%'# 6%+ 3$)6/+ +116/+'+<
g#/ 0( )&$06..( ,$ V6#)'$ 1+/$1"$ )(%( /$1"$#)'# '#1%$1"# ,$ ./(2#''( # ,$ /#+0$DD+D$(%# +&+%D+'#9 $% 3(,(
.+/'$1(0+/# %#00+ ,#7$%$D$(%# ,#20$ ).#))(/$ # %#00+ ,#.()$D$(%# ,#20$ )'/+'$ 1#/+3$1$9 1"# ,#&(%( #))#/# )$+
+))(/*#%'$ .#/ 0# 3$1/((%,# 1"# /#)$)'#%'$ +20$ #0#&+'$ )"(1;) '#/3$1$< =0 3+'#/$+0# +))(/*#%'# (22#''( ,#0
*/#&#''(9 )#0#D$(%+'( ,(.( %63#/()$ '#)'9 1(%)#%'# ,$ +**+''#/# 0+ /$70#))$(%# 7$%( + 3#%( ,#00@ P?<
*
; ; ; ; ; ; ; ; ; ;
76
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
S#'"(,(0(28 1+.+*0# (7 ./#,$1'$%2 '"# 1(%1#%'/+'$(% (7 $%,((/ .(006'+%') (% '"# *+)$) (7 )(3#
1"+/+1'#/$)'$1 .+/+3#'#/) (7 '"# *6$0,$%29 (7 '"# "#+'$%2 )8)'#3 +%, (% +1'6+0 3#+)6/#3#%') (7 .(006'+%'
1(%1#%'/+'$(%)< !"# )8)'#3 $) *+)#, (% + %(%-$%&+)$&# $%'#/&#%'$(% $% '"# +$/ 1(%,$'$(%$%2 )8)'#3 +%, $' $)
+0)( +*0# '( +11(6%' 7(/ 3#+)6/#) +1V6$/#, +' ./#&$(6) '$3#)<
*+#,(-&.%/
I(4+,+8) )(3# 3#'"(,(0(2$#) /#0+'#, '( '"# (.'$3+0 '#3.(/+0 )6*)'$'6'$(% (7 '"# 7$0'#/ +/# +&+$0+*0#9 *6'
'"#8 %#20#1' '"# &#%'$0+'$(% ,61') 10#+%$%2< B% '"# 1(%'/+/89 '"# 10#+%$%2 )'+'# (7 '"# &#%'$0+'$(% ,61') - +)
+0)( 1(%7$/3#, *8 '"# 3#+)6/#3#%') +1V6$/#, $% '"# #5.#/$3#%'+0 ."+)# - $) 1/61$+0 7(/ + 2((, $%,((/ +$/
V6+0$'8<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# ./#)#%' $%&#%'$(% 1(60, "+&# +% $33#,$+'# 1(33#/1$+0$D+'$(% $% '"# 7$#0, (7 &#%'$0+'$(% )8)'#3)
*#1+6)# #5'/#3#08 70#5$*0#9 +6'(3+'$19 0(4-1()' +%, +*0# '( ./(&$,# + 1(3.0#'# 1"#1; (7 '"# 1(%,$'$(%$%2
)8)'#3 K7$0'#/) +%, +#/+'$(% ,61')M< =% +,,$'$(%9 '"# ./#)#%' $%&#%'$(% 4(60, "+&# + ;#8 /(0# $% '"# ./#)#%1#
(7 + %#4 0+4 /#260+'$%2 $%,((/ +$/ V6+0$'8 $% *('" .6*0$1 +%, ./$&+'# *6$0,$%2)<
6"1"'&47"%2 32+("
!"# ,#&#0(.3#%' (7 '"# ./('('8.# $) 6%,#/4+89 4$'"$% '"# 7/+3#4(/; (7 + /#2$(%+0 ./(^#1' KgBJ-a+D$(M
+%, $% 1(00+*(/+'$(% 4$'" + 1(%)(/'$63 (7 LSG)<
0335(%""839:;<=>?;!+('5+A"--5 3\-\'\?;X\;*.##&'5%5
<=>;C%3252.2":;C0<
D+5% C%1"%2&-:;6&7"%5#&;N52.'+%&
<&.%2-5"3:;C!?;GH?;@E?;<0?;F>
H-5&-52) /+2":;JYKIJKMJIU
!52'"
g/(1#,6/# 7(/ '"# +))#))3#%' (7 '"# 10#+%$%2 )'+'# (7 + 1(%,$'$(%$%2 : "#+'$%2 )8)'#3 (7 + *6$0,$%2 <
J#7<QAIJQIJUJI
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#7#/) '( + 3#'"(,(0(28 7(/ +))#))$%2 +%, 3(%$'(/$%2 '"# 10#+%$%2 )'+'6) (7 +% +$/
1(%,$'$(%$%2:"#+'$%2 )8)'#3 (7 + *6$0,$%29 )##% +) '"# )#' (7 7$0'#/ K(/ 7$0'#/)M +%, +$/ ,61')<
!"# 3#'"(,(0(28 ,#7$%#) + %(%-$%&+)$&# 3#'"(, 7(/ 3#+)6/$%2 '"# +3(6%' (7 ,6)' $% '"# &#%'$0+'$(%
)8)'#3<
=% .+/'$160+/9 )+$, 3#'"(, ,#7$%#) '"# 3$%$363 +3(6%' (7 3#+)6/#3#%')9 '"# 1(%,$'$(%) 7(/ '"#$/
+1V6$)$'$(%9 '"# '$3# '+*0# +%, '"# 0(1+'$(%) (7 +1V6$)$'$(%)<
H
; ; ; ; ; ;
77
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
S#'(,(0(2$+ $% 2/+,( ,$ ./#,$/# 0+ 1(%1#%'/+D$(%# ,$ $%V6$%+%'$ $% +3*$#%'# $%,((/ )600+ *+)# ,$ +016%$
.+/+3#'/$ 1+/+''#/$)'$1$ ,#0 0(1+0# 1(%)$,#/+'(9 ,#00@$3.$+%'( ,$ /$)1+0,+3#%'(:1(%,$D$(%+3#%'(9 ,$ 3$)6/#
#77#''$&# ,#00# 1(%1#%'/+D$(%$ ,$ $%V6$%+%'$ #)#26$'# )#%D+ $%'#/&#%'$ $%&+)$&$ )600j$3.$+%'( #9 )# ,$).(%$*$0$9
,$ 3$)6/# +1V6$)$'# $% $)'+%'$ '#3.(/+0$ ./#1#,#%'$<
*+#,(-&.%/
E00( )'+'( ,#00@+/'# )(%( %('# +016%# 3#'(,(0(2$# /#0+'$&# +0 1+3*$( (''$3( ,#0 7$0'/( ,$ 6% $3.$+%'( ,$
+/#+D$(%# 3+ %(% +00+ .60$D$+ ,#00# 1(%,(''#<
L600+ *+)# ,#00# 3$)6/+D$(%$ #77#''6+'#9 0( )'+'( ,$ .60$D$+ ,$ '+0$ 1(%,(''# /$)60'+ ,#'#/3$%+%'# .#/ 6%+
*6(%+ V6+0$'T ,#00@+/$+ $% +3*$#%'$ $%'#/%$<
N+%2+((5 " 044'5#+O5&%5
a+ '#1%(0(2$+ (22#''( ,#0 */#&#''( "+ 6%@$33#,$+'+ /$1+,6'+ 1(33#/1$+0# .#/1"l #)'/#3+3#%'# 70#))$*$0#9
+6'(3+'$1+9 + *+))( 1()'( # $% 2/+,( ,$ 7(/%$/# 6% 1"#1; 1(3.0#'( ,#00@$3.$+%'( K7$0'/$ # '6*$ ,#00@$3.$+%'( ,$
1(%,$D$(%+3#%'(:+/#+D$(%#M< a@$%&#%D$(%# +&/#**# 6% /6(0( 1"$+&# $% ./#)#%D+ ,$ 6%+ %6(&+ %(/3+'$&+ ,$
/$7#/$3#%'( .#/ 0+ V6+0$'T ,#00@+/$+ $%'#/%+ +20$ #,$7$1$ .6**0$1$ #:( ./$&+'$<
E2+/5& /5 315'.44&
L(%( $% 1(/)( 0# +''$&$'T ,$ )&$06..( # $%2#2%#/$DD+D$(%# ,$ 6% ./(,(''( *+)+'( )600@$%&#%D$(%#9 %#00@+3*$'(
,$ 6% g/(2#''( /#2$(%+0# KgBJM # $% 1(00+*(/+D$(%# 1(% 6% A(%)(/D$( ,$ gS= 0+D$+0$<
!52&'+-"859:;;<=>?;!+('5+A"--5 3\-\'\?;X\;*.##&'5%5
C3252.2&:;C0<
C%1"%2&-";/5;-5A"-57"%2&:;6&7"%5#&;N52.'+%&
!"--52&-5;/5;15("%O+:;C!?;GH?;@E?;<0?;F>
6+2+;/5;4-5&-52P:;JYKIJKMJIU
!52&'&
g/(1#,$3#%'( .#/ 0+ &+06'+D$(%# ,#00( )'+'( ,$ .60$D$+ ,$ 6% $3.$+%'( ,$ +#/+D$(%# #:( 1(%,$D$(%+3#%'( ,$ 6%
0(1+0#<
J$7<QAIJQIJUJI
0B32-+#2
S#'(,(0(2$+ .#/ $0 1(%'/(00( ,#00( )'+'( ,$ .60$D$+ ,$ 6% $3.$+%'( ,$ 1(%,$D$(%+3#%'(:/$)1+0,+3#%'(9
$%'#)( 1(3# 0@$%)$#3# ,#0 7$0'/( K( ,#$ 7$0'/$M # ,#00# 1(%,(''# ,$ +#/+D$(%#<
a+ 3#'(,(0(2$+ ,#7$%$)1# 6% 3#'(,( %(% $%&+)$&( .#/ 0+ 3$)6/+D$(%# ,#00+ V6+%'$'T ,$ .(0&#/$ ./#)#%'#
%#00@$3.$+%'(<
=0 3#'(,( ./(.()'( ,#7$%$)1# 0+ V6+%'$'T 3$%$3+ ,$ 3$)6/+D$(%$9 0# 1(%,$D$(%$ ,$ +1V6$)$D$(%#9 $ '#3.$ # $
06(2"$ %#1#))+/$ +, #77#''6+/0#<
*
; ; ; ; ; ; ; ; ; ;
78
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
!"#$%&'&()
L8)'#3 1+.+*0# '( $%1/#+)# '"# /#)(06'$(% (7 +% $3+2# 4"$1" $) +1V6$/#, *8 + 1(%7(1+0 3$1/()1(.#<
!"# ./#)#%' '#1"%(0(28 *6$0,) ./(.#/ +1V6$)$'$(% 3+);) +%, /#0$#) (% +% +, "(1 3+'"#3+'$1+0 ./(1#,6/#9
/#)60'$%2 )$3.0#9 #77$1$#%' +%, %(' #5.#%)$&#<
*+#,(-&.%/
!"#/# +/# )#&#/+0 3#'"(,(0(2$#) /#0+'$%2 '( *('" '"# +1V6$)$'$(% ./(1#)) K0$2"' *#+3) 4$'" ,$77#/#%'
7/#V6#%189 .$%"(0# (7 ,$77#/#%' )"+.#)M +%, ./(1#))$%2 K./(1##,$%2) (7 )6.#/-/#)(06'$(%M (7 $3+2#)
+1V6$/#, *8 + 1(%7(1+0 3$1/()1(.#<
[(4#&#/9 #5$)'$%2 '#1"%(0(2$#) ,( %(' ./(.#/08 1(3*$%# 0(4 1()' +%, "$2" #77$1$#%18<
0/1+%2+("3 +%/ 044'5#+25&%3
!"# '#1"%(0(28 "+) +% $33#,$+'# 1(33#/1$+0 7+00(6'<
=% 7+1' '"# '#1"%(0(28 $) +,+.'+*0# '( +%8 0$2"' (/ *$(0(2$1+0 )+3.0# +%, $' +00(4) 7(/ '"# +6'(3+'$1
#)'$3+'$(% (7 '"# gLZ (7 '"# (.'$1)9 4$'"(6' $%'/(,61$%2 +65$0$+/8 .+/+3#'#/) (/ ,+'+ $%'#/.(0+'$(%
(.#/+'$(%)<
6"1"'&47"%2 32+("
a$1#%)#, '( A/#)'B.'$1) )</<0<<
Z6/'"#/ '#)') "+&# *##% 3+,# +%, A/#)'B.'$1) )</<0< )'+/'#, '"# #%2$%##/$%2 ."+)# $% (/,#/ '( 6)# '"#
./(.()#, '#1"%(0(28 +) + 76/'"#/ 1(3.(%#%' (7 3$1/()1(.#) '"+' '"# 1(3.+%8 ./(,61#) +%, )#00)
4(/0,4$,#<
0335(%""839:;;<=>?;<-"32_425#3 3\-\'\
<=>;C%3252.2":;C0<
D+5% 5%1"%2&-:;6&7"%5#&;N52.'+%&
<&.%2-5"3:;C!?;GH
H-5&-52) /+2":;J[KJSKMJIW
!52'"
g/(1#,6/#Q7(/Q $3+2#QQ+1V6$)$'$(%Q+%,Q./(1#))$%2Q$%Q
+Q1(%7(1+0Q3$1/()1(.8<
J#7<QAIJQIJTJJ
0B32-+#2
!"# ./#)#%' $%&#%'$(% /#7#/) '( + '#1"%(0(28 7(/ $%1/#+)$%2 '"# /#)(06'$(% (7 $3+2#) +1V6$/#, *8 +
1(%7(1+0 3$1/()1(.# 6)$%2 +1V6$)$'$(% 3+);) "+&$%2 .$%"(0#) (7 ,$77#/#%' )$D#<
!"# '#1"%(0(28 ,#7$%#) '"# ,#)$2% (7 '"# 3+);9 '"# +1V6$)$'$(% 3#'"(, +%, '"# ./(1#,6/# 7(/ ./(1#))$%2
'"# )1+%%#, $3+2#)< =% .+/'$160+/9 $' $) .())$*0# '( +116/+'#08 #)'$3+'# '"# .($%' )./#+, 76%1'$(% KgLZM (7
'"# (.'$1+0 3$1/()1(.# *8 3#+%) (7 + )6$'+*0# 3+'"#3+'$1+0 ./(1#)) +..0$#, '( '"# +1V6$/#, $3+2#) +%,9
'"#/#7(/#9 '( $%1/#+)# '"# /#)(06'$(% (7 '"# (6'.6' $3+2#<
H
; ; ; ; ; ;
79
Department of Engineering, ICT and Technologies for Energy and Transport
Patent
!"#%&'&(5+
L$)'#3+ $% 2/+,( ,$ +63#%'+/# 0+ /$)(06D$(%# ,$ 6%j$33+2$%# +1V6$)$'+ 3#,$+%'# 6% 3$1/()1(.$(
1(%7(1+0#< a+ ./#)#%'# '#1%(0(2$+9 1()'/6#%,( (..(/'6%+3#%'# 0# 3+)1"#/# ,$ +1V6$)$D$(%# )600+ *+)# ,$
6% ./(1#,$3#%'( 3+'#3+'$1( +, "(19 /$)60'+ )#3.0$1#9 #77$1$#%'# #, #1(%(3$1+<
*+#,(-&.%/
L(%( 2$T %('# ,$&#/)# 3#'(,(0(2$# /#0+'$&# )$+ +0 ./(1#))( ,$ +1V6$)$D$(%# K7+)1$ ,$ 061# 1(% 7/#V6#%D+
,$&#/)+9 .$%"(0# ,$ 7(/3# ,$&#/)#M 1"# + V6#00( ,$ #0+*(/+D$(%# K./(1#,$3#%'$ ,$ )6.#/-/$)(06D$(%#M ,$
$33+2$%$ (''#%6'# ,+ 6% 3$1/()1(.$( 1(%7(1+0#<
!6''+&$+9 0# '#1%(0(2$# #)$)'#%'$ ,$77$1$03#%'# 1(%$62+%( *+))( 1()'( #, #0#&+'+ #77$1$#%D+<
N+%2+((5;";044'5#+O5&%5
a+ '#1%(0(2$+ "+ 6%@$33#,$+'+ /$1+,6'+ 1(33#/1$+0#F $%7+''$9 #))+ )$ +,+''+ +, 6%+ V6+0)$+)$ 061# (
1+3.$(%# # .#/3#''# 0+ )'$3+ +6'(3+'$1+ ,#00+ gLZ ,#00@(''$1+ )#%D+ 0@6)( ,$ .+/+3#'/$ +6)$0$+/$ %l ,$
(.#/+D$(%$ ,$ $%'#/.(0+D$(%# )6$ ,+'$<
E2+/5&;/5;E15'.44&
E )#26$'( ,#0 ,#.()$'( ,#00+ ,(3+%,+ ,$ */#&#''(9 0+ '#1%(0(2$+ U )'+'+ 1(%1#))+ $% 0$1#%D+ #)106)$&+ +0
1('$'(0+/# A/#)'(.'$1) )</<0<9 ./#))( 16$ )(%( )'+'$ #77#''6+'$ 60'#/$(/$ '#)' #, U )'+'+ +&&$+'+ 0+ 7+)# ,$
$%2#2%#/$DD+D$(%# 7$%+0$DD+'+ +00@6'$0$DD( ,#00+ '#1%(0(2$+ %#$ 3$1/()1(.$ ./(,(''$ ,+00@+D$#%,+ )'#))+ # 2$T
&#%,6'$ )60 3#/1+'( 3(%,$+0#<
!52&'+-";859: <=>?;<-"32_425#3 3\-\'\
C3252.2&: C0<
C%1"%2&-";/5;-5A"-57"%2&:;6&7"%5#&;N52.'+%&
!"--52&-5;/5;15("%O+:;C!?;GH
6+2+;/5;4-5&-52P:;J[KJSKMJIW
!52&'&
S$1/()1(.$( 1(%7(1+0# # /#0+'$&( ./(1#,$3#%'( ,$
+1V6$)$D$(%# #, #0+*(/+D$(%# ,$ $33+2$%$<
J$7<QAIJQIJTJJ
0B32-+#2
a+ ./#)#%'# $%&#%D$(%# )$ /$7#/$)1# +, 6%+ %6(&+ '#1%(0(2$+ .#/ 0@+63#%'( ,#00+ /$)(06D$(%# ,$ $33+2$%$
+1V6$)$'# ,+ 6% 3$1/()1(.$( 1(%7(1+0# +''/+&#/)( 0@6'$0$DD( ,$ ).#1$7$1"# 3+)1"#/# ,$ +1V6$)$D$(%# 1(%
.$%"(0#) ,$ ,$&#/)+ ,$3#%)$(%#<
a@$%&#%D$(%# ,#7$%$)1# $0 ,$)#2%( ,#00+ 3+)1"#/+9 0# 3(,+0$'T ,$ +1V6$)$D$(%# # $0 ./(1#,$3#%'( ,$
#0+*(/+D$(%# ,#00# $33+2$%$ +1V6$)$'#< =% .+/'$1(0+/#9 +''/+&#/)( 6% (..(/'6%( ./(1#,$3#%'(
3+'#3+'$1( +..0$1+'( +00# )6,,#''# $33+2$%$9 U .())$*$0# )'$3+/# 1(% ./#1$)$(%# 0+ .($%' )./#+, 76%1'$(%
KgLZM ,#00@(''$1+ ,#0 3$1/()1(.$( #9 V6$%,$9 +63#%'+/# 0+ /$)(06D$(%# ,#00@$33+2$%# ,$ (6'.6' ,#0
3$1/()1(.$( )'#))(<
; ; ; ; ; ; ; ; ; ;
80
Dipartimento di Ingegneria, ICT e Tecnologie per l’Energia e i Trasporti
Brevetti
ﬁnito di stampare nel mese di novembre 2018
De Vittoria srl
via degli Aurunci 19 roma

